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[] i FOR DC OR RESISTANCE INPUT | Ww FOR SIMPLIFIED OPERATION i VY FoR WIDER APPLICATION 


Moves, 200-A uses an input of 10,000 Precision Vernier Dials provide an accu These fast, dependable general pi 
ohm resistance potentiometers as an in rate method for obtaining fine adjust plotters feature 0.1 

put transducer providing 10 to 1 scale ment during operation, Optional point ed for wide app! 

expansion and origin positioning, Avail plot or continuous line plotting is a graphic presentat 

able standard digital input accessories feature of both models. Selection is by uch as: laborat 

are essentially inputs of this type. Any front panel manual control. A new, sim data handling 
resistance potentiometer will provide an plified pen of one-piece design-used for ile tracking 
analog input for this configuration point or continuous plotting eliminates of transistor 
Mover 200-6, used for D.C, signal input hottles and tubes, permits rapid chang nents, Input 

has full scale sensitivities of 5 milli ing of ink colors. Independent action of Card and Tap: 
volts and an input impedance of 1,000 the X and Y axis is achieved with Libra Keyboards and Bi 
megohms. Utilizing standard reference copes unique “Floating Gear Train 200-A can plot fi 
cells. thi model provide s drift-free No cables tapes or lead screws to cause iny code or directly 
operation, Available external reference lost motion, cable stretching or drift- cables of many 
voltages may be substituted, A plug con ing out of alignment. The 120° concave chassis can be 
nection is pro. ided to facilitate the quick cylindrical plotting urface provide » full shared X verst 
interchangeability of input sections visibility is completely illuminated cial circuitry 


LiIiBkRrASCOPE xX-Y ELOTTE FF 


HIGHEST ACCURACY FOR GRAPHIC DATA HANDLING 
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Greater input flexibility For desk or rack mounting 


NEW LIBRASCOPE PUNCHED TAPE CONVERTER : j Reps LIBRASCOPE PUNCHED CARD CONVERTER 
Operates from a punched tape reader — Spec Sf" Converts punched card data to analog form 
lally designed for Librascope X-Y Plotters E f for input to X-Y¥ Plotters. Automatic Posit 


This unit is adaptable to other plotters : ‘ F for feeding 50 punched rds per minute 
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Never before has any analog computing system offered the 


at last. ae accuracy, flexibility, capacity and rugged dependability of 


this spectac ular new GEDA A.-14 Series Goodyear Ele« 


© | precision computer tronic Differential Analyzer 
Here is a high precision analog computer adaptable to 


* 
custom-designed BOTH mathematical and simulation approaches. Available 


with as few as twelve to as many as several hundred 
amplifiers — plus hundreds of nonlinear channels — every 
GEDA A-] 1 offers prec ision adaptability convenience and 


stability heretofore unknown in commercial installations 
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Check these exclusive GEDA A-14 features: 
The most accurate, widest-band LINEAR computing / New built-in AUTOMATIC PROBLEM ANALYZER 
v equipment available New AUTOMATIC READ-OUT PRINTING to check and 


av rec ord connections and se ale factors 
Widest selection of the most precise high-speed elec- . ; 


tronic NONLINEAR equipment available. of New AUTOMATIC DIALING SYSTEM for selecting scale 
factors and variables 

A New SPLIT PROBLEM BOARD for simultaneous solu 

A Provision for repetitive problem solution. tion of two separate problems 


A Most dependable stabilization system in the industry 


With these and many more exclusive features, the GEDA 
—_ J A-14 is the most advanced, most flexible analog computer 
ever offered to industry. There’s a GEDA A-14 installation 
wal — large or small — custom-designed to your exact require 
ments. And you can modify or expand it — economically 
; = For you get all these custom-built features at production 
ANALOG | | COMPUTERS aiid 


j Get the complete details on the new GEDA A-14 today. 


, Write: Goodyear Aircraft Corporation, Dept. 931GI 
The way to give your hunch a chance Akron 15. Ohio 


GOOD/ZYEAR AIRCRAFT 


GEDA -T.M. Goodyeer Aircraft Corporetion, Akron 16, Ohio 


SEPTEMBER 1956 1 











Control =e 


HOW TO PRACTICE CONTROL-SYSTEMS ENGINEERING 


1. From Process Analysis Specify Control-System Parameters 


Why Control-Systems Engineering Pays Off 














W.E. Vannah 102 
Know Your Process —a group of authors explore 
controllability in eight areas 105 
How to Specify Closed-Loop System Performance 
J. I Gibson 122 
2. Apply the Tools of Synthesis to Develop the Design 
. Breadboarding Can Save Time and Money _ S.A. Davis 130 


Simulate the System with an Analog Computer 
S ( , Re que | 38 
Simulate Digitally or by An-Dig Combination 
R. M. Leger and J. L. Greenstein 145 











Graphical Methods for Control-System Design 
R. H. Hillsley 154 





3. Evaluate the Pertormance of the Control System 














Cost vs. Performance — a CtE. staff study of 
two automatic-control systems 162 
@) Testing Process-Control Systems E. W. James 169 
15 Testing Electromechanical-Control Systems A. M. luchs 174 
CONTROL RESEARCH IN OUR SCHOOLS 185 
A Special Section \uthors from five colleges describe devices and systems 





they have developed in their laboratories 














Published for engineers and technical management men Control Personality - Simon Ramo — 19 











who are responsible for the design and application Industry's Pulse — 
of subsystems and systems for the measurement and Sources for Control-Systems Engineering 91 
* 
control of business, industrial, and machine processes. Shoptalk 4 
Feedback $ 
What's New 22 
New Products 214 
‘ nee 
Bulletins and Catalogs 29 
Ab ti icts 3] } 
SPECIFICATION Books 328 
Meetings Ah idl 344 
is today the most neglected — and misunderstood — step im 
control-systems engineering. As Bill Vannah puts it in the first 
article, the full benefits from CSE can only come from realisti 
facts about characteristics — dynamic as well as static of the 
process to be controlled. ‘This is specification in its fullest sens 
Many may argue that such facts are hard to obtain, yet the 
eight hort artic le S grouped under “Know Your Proce Ss WILLIAM E, VANNAH Editor 
running from submarines to distillation columns — reveal a LLOYD FE. SLATER Managing Editor 
universality about control characteristics, and thus a common 
BYRON K, LEDCERWOOD Sr A iate Editor 
ground for all these facts. And when the facts are known, say aeey & FAS : o> hdiien 
John Gibson in the third article, setting up performance critena EDWARD J, KOMPA : sone ieee 
for your desired system becomes an orderly procedure wane wane - tne 
, j ditor 
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SYNTHESIZING JACK GORDON Art Director 
DEXTER M, KEEZER Dir. Economics Dept 
G. B. BRYANT, JR Mer. Washington Bureau 
your system to see how it measures up to design critena JOUN WILHELM Editor, World News 
can proceed along several routes. lor the servo designer, say HAROLD HOOD Len Anadis 
Sid Davis, breadboarding offers a quick and « hie ap way to prove 
your control system. Bulky or more complex systems, however, Consulting Editor 
are more easily simulated by an analog machine, ‘T'y Reque, in GORDON §, BROWN Cambridge, Mass 
his article, tells you what to look for in ctting up, running, EUGENE M,. GRABBI Los Angeles, Calif 
and evaluating results on an analog computer. Bob Leger and JOHN JOHNSTO Wilmington, Del 
Jerry Greenstein hold that digital and combined analog digital KEITH HENNEY New York, N.Y 
techniques often offer more accurate simulation, The final 
route is taken by Dick Hillsley, who shows how the graphical 
slope line can be a powerful tool in synthesis. W. W. GAREY Publisher 
° ADVERTISING INDEX 357 
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to a process-control system Along with economy, however, i: Allen, vice 
the need for data and more data to predict how well the system tor atate  ahed : " sy ; 
will work in the field. ‘Ted James details an orderly program to ply y one mn. Mio ont th for 
bring in such data from a process-control system, and Abe se $3 { , $5 for thre 
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Do you 
think about 

Angular 
Acceleration? 


BOEING 
does 


...and uses Statham Angular 


Accelerometers to test... 





Statham unbonded strain gage liquid 
rotor angular accelerometers offer a 
simple, reliable means for the study of 
the rotary motion of a test body under 
conditions where a fixed mechanical 
reference is not available. For static 
and dynamic measurements in ranges 
from *£1.5 to £3,000 rad/sec? four 
standard models are offered. 


Please request Bulletin AA2 
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SHOPTALK 





YOU SET OUR PARAMETERS 


’ver since CONTROL E;NGINEERING § start in September 
54 the editors have been obsessed with the idea of applying 
the tools of their spec ialty control-systems enginecring—to 
the business of magazine publishing. “We ought to be abl 
to design our magazine like a system,” fumed Chief Editor 
Bill Vannah. But before taking aim, a target had to be set 
up... sothe early months were spent in gathering reader 
“feedback’’. ‘This feedback indicated need for an issue com 
pletely devoted to showing how the techniques of CSE ap 
ply in common to both production and process systems. 
Using this theme for design criteria, the staff ““systems-eng! 
neered”’ the first-anniversary issue last September. ‘lest data 
culled from reader reaction proved that while the mission 
was generally achieved, still more work was needed. Last 
November, long before today’s on-stream date, the staff 
began to get the parameters for this second-anniversary 
issue well in hand. Analysis of the negative feedback re 
vealed a tail-chasing objective: “Why not,” readers wrote, 
“put out a complete issue which tells what CSE is and how 
you practice it?” 


BY BREADBOARDS THE ISSUE 


Project engineer Byron Ledgerwood planned the design 
phase. “We'll make the magazine a working example of the 
subject it treats,” mused By. ‘The cover design—which shows 
the contents grouped in dynamic relationship—suggests how 
this issue accomplishes its mission. ‘The blocks show th 
articles falling into the three logical steps of CSE: specifica 
tion, synthesis, and evaluation. Considering the magazin 
as a system, the contents page and Bill Vannah’s lead article 
set its specifications. ‘lhe nine features that follow offer the 
system synthesis. And Industry's Pulse, page 91, which 
tests the penetration of CSE among both readers and ad 
vertisers; Personality, page 19, which tests the viewpoint 
of an outstanding practitioner of CSE; and the feature news 
story, page 22, which tests the merit of CSE in a major 
project, provide some anticipatory evaluation 


YOU DO THE FINAL EVALUATION 


‘The one who decides whether this issue satisfies its objec 
tives will be you, the reader. ‘The editors, being control engi 
neers, are humble about their design and recognize the need 
for iterative steps to approach an optimum in future issues 
So don’t withhold your negative feedback. It's necessary 
and invaluable test data 

















New, 
convenient, 
compact 


High accuracy 


expanded scale 


Ideal for 
industrial use 


ees 1) - SOOB FREQUENCY METER—$285.00 sme 


Here's a list of the many industrial and laboratory jobs the new 
-hp- 5OOB Frequency Meter can do for you quickly, easily and 
without elaborate setup 


Count sine waves, square waves and pulses. Indicate 
average frequency of random events. Measure beat 
frequency between rf signals. Determine oscillator 
stability. Measure crystal frequency deviation. Meas- 
ure temperature, pressure, weight and other physical 
quantities which can be converted to frequency. 


This versatile instrument also serves as a convenient automatic 
motor speed control, overspeed and underspeed control and 
makes possible a permanent record of frequency or speed as a 
function of time. And, it may be used for automatic control of 
quartz crystal etching 


-hp- 5OOB covers the range 1 cps to 100 KC and provides direct 
readings of high accuracy. Readings are not affected by either 
signal or line voltage variations. An expanded scale permits any 
10% or 30% segment to be viewed over the full meter range, 
making possible highly accurate measurements of differential 
frequency. A pulse output is provided to sync a stroboscope and 
continuous recordings of readings may be made on an Esterline 
Angus recorder 


Model 5SOOB is extremely compact, light, easy to use and of 


quality construction throughout. It is also available as Model 
500C, calibrated in RPM. 


BRIEF SPECIFICATIONS 


Freqency Range: | cps to 100 KC. 9 ranges 
Input Voltage: 0.2 v sensitivity (sine waves 

1.0 v min. (pulses) 250 v peak max 
Input Impedance: Approx. | megohm shunted by 40 


i uf 
Accuracy: Better thar 2% full scale 
Self Check: Convenient calibration based on line 


voltage frequency 

Recorder Output: Panel jack for | ma, 1,400 ohm Ester 
line-Angus Automatic Recorder 

Pulse Ovtput: To trigger strobe, etc., in sync with 
input 

Photocell Input: Panel jack with bias for 1P41 photo 
tube, 40 “uf shunt 


Power: 115/230 v 10%, 50/1,000 cps, 
110 watts 

Size: 7%" x 11%" « 12%". Wt. 17 Ibs 

Price: hp- 5008 or 5OOC: $285.00 


Data subject to change without notice. Prices f. 0. b. factory 
J i I r] / i i 
ONoOOdOodO® 
/ / i / j / 
SEE YOUR -hp- REPRESENTATIVE OR WRITE DIRECT FOR DETAILS 


HEWLETT-PACKARD COMPANY 
3506H PAGE MILL ROAD + PALO ALTO, CALIFORNIA, U.S.A. 
CABLE “HEWPACK” + TELEPHONE: DAVENPORT 45-4451 


Field representatives in all principal cities 
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Dynalog Electronic Instruments 

Complete line of indicators, recorders, and controllers 
employing the advanced Dynalog measuring system in which 
a friction-free air capacitor replaces conventionial slide- 
wire — provides continuous, stepless balancing action. 
Dynalog Instruments provide up to six records on a single 
round chart. For use with resistance or voltage type 

primary elements — pneumatic or electric control action. 


Multi-Record Dynalog 

@ 6 color-coded temperature records on one round chart 
@ Each record line a distinctive, non-smudging color. 
®@ No slidewire — no batteries — no standardizing. 

@ Thermocouple or resistance bulb types. 








able 
operating conditions. 


@ All four control actions, with 
two reset ranges, easily adjust- 
to widest variations in 


Consotrol Recording Control Station 

One of the complete Consotrol line of compact panel indicators, 
recorders, and controllers. This advanced control station features full 4” 
chart and scales, six-months’ ink supply, bumpless auto.-man. transfers. 
The M/58 Consotrol Controller, shown here integrally mounted, provides: 


balancing action—even at 
widest settings of proportional 
band. 


@ Interchangeable “plug-in” 


@ Easy lever-setting proportional 
band, calibrated to 500%. 


@ High sensitivity and precision 


components. 


@ Continuously variable reset re- 
sistance gives 500:1 rangeability. 


PRIMARY ELEMENTS 


due to unique “floating disc” 


A complete selection of primary 
elements for filled thermal systems, 





resistance bulbs, and thermo- 
couples. Besides standard and ther- 


Dynatherm Resistance Bulb 
For use with Dynalog 

Electronic Instruments. 

Superior measurement perlorm- 
ance for temperature up to 600°F. 
Fastest response due to positive 
metal-to-metal end contact with 
standard wells or sockets. 
Highest sustained accuracy. Per- 
mits use of extra-narrow scales ~ 
ideal for precise temperature dil- 
ference measurements, 


mocouple types, special elements 
and accessories are available to 
meet the requirements of virtually 
any industrial application. 


Roll Surface Temperature 
Element 


@ Continuous, automatic measurement 
or control of roll surface temperatures 
up to 450°F. 

Extra-rugged construction — with a 
“feather” touch. Won't mark or score 
the roll. 

Eliminates friction, radiation, and con- 
vection errors. 

Simplest, most accurate way to meas- 
ure roll surface temperatures. 





from -— 450°F 
to ¢ 2800°F 


Model 12A Temperature 
Pneumatic Transmitter 


@ Simple way to measure remote tem- 
peratures in the 100°F to + 1000°F 
range. Operating spans of 50°, 100°, 
200°, and 400°F. 

Compensated for ambient tempera- 
tures and pressures. 

Compact, easily installed. Uses reg- 
ular 1/4,” O.D. tubing transmission lines 
—no troublesome conduits, no costly 
capillary tubing. 

Suitable for any hazardous, corrosive, 
or outdoor location. 


Electric Proportional 
Action Controller 


@ Can be used with any Foxboro 
measuring system — mechanical or 
electrical. 

Precise, frictionless control action 
through electronic relay and elec- 
tric valve operator. 

3 types of proportional 
action available. 

Setting knob permits easy, stepless 
adjustment of control band through- 
out range of instrument. 


control 


folohoheolol@hololololololelel: 
CowMOonCoaeCeononowreo 
“UNMMAETOOOOr? 


Locate 
your 


Whenever you have a temperature 
problem in the —4S0°F to -+-2800°F 
range, you can depend on Foxboro 
Instrumentation for the best solution. 
Foxboro’s outstanding combination of 
truly advanced instruments and un- 
equaled experience in applying them, 
has successfully solved 
problems as widely different as helium 
liquefaction and jet engine testing. 
Foxboro offers a wide variety of primary 
elements, transmission devices, indica- 
tors, recorders, and controllers. Whether 
a single instrument or a combination is 
required — filled-system, electronic, or 
electric — you can be sure of fitting the 
process exactly. Unique Foxboro devel- 
opments, such as Dynalog” Electronic 
Instruments, Dynatherm** Resistance 
Bulbs, and the 12A Temperature Trans- 
mitter, continually maintain control 
standards in step with every advance of 
modern processing. A few of the instru- 
ments which typify Foxboro’s better- 
engineering are shown on these pages. 
Chart below shows complete tempera- 
ture ranges covered by Foxboro measur- 
ing systems. Write for complete details. 
The Foxboro Company, 369 Norfolk St., 
Foxboro, Mass. 

FACTORIES IN THE UNITED STATES, 

CANADA, AND ENGLAND 


FOXBORO 


TEMPERATURE 


measurement 
and control 


temperature 
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LIQVIO FILLED (CLASSE TA) THERMAL BULBS 
LIQUID FILLED (CLAGE 16) THERMAL 60. Bt 


VAPOR PRESSURE (CLASS 1) THERMAL BU0L@ 
GAG FILLED (CLASS IG) THERMAL BULBS 
DYNATHERM RESISTANCE BUL6S 
CUNICAL REGISTANCE 6UL65 
LAGORATORY RESISTANCE 6ULBS 
SURFACE TEMPERATURE RESISTANCE GUL66 
ROLL SURFACE TEMPERATURE RESISTANCE 6). OF 


problem 
temperature 
in this 

table 
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Centrifugal 
Blowers 


BARBER 
COLMAN 


quickly dissipate heat from 


tubes, circuit components, 


other enclosed equipment 


powered with Barber-Colman 
permanent magnet d-c motors 
Having heat problems with electron 
tubes and other circuitry equipment 
mounted in confined enclosure In 
tall Barber-Colman permanent mag 
net centrifugal blowers for quick 
dependable heat dissipation Vin 
volume for a typical unit is 20 efm 
at 0 static pressure and 70° F, Volt 
ages range from 6 to 115 volts d-« 
Units available for either clockwise 
or counter-clockwise rotation 

everal size various mounting 


Send for free technical bulletin 


The complete 
line of 
Barber-Colman 


d-c motors 


includes both permanent magnet 
and split series types . In various 
mountings and speeds with outputs 
up to 1/10 hp, Ideally suited to power 
electro-mechanical ac tuator 
switches, and programming device 
\lso available. with gearheads 
hlowers tor special 


application 
Whatever your problem involving 
mall d-e motors, let Barber-Colman 
Company engineer help you 
the solution, W rite tor tree 
I’ .4344.3 


finvel 
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Barber-Colman Company 


Dept. |, 1448 Rock Street, Rockford, IIlinois 


CONTROL ENGINEERING 





FEEDBACK 


Top billing for film 
lo tHe Eprror 


I have read with interest an artic 
entitled “A Guide to Applying Re 
sistance Pots’’ by Hollis L. Gray Jr., 
which appeared in the July 1956 issue 
of Conrrot ENGINEERING Magazine. 
It is well-written and quite compre 
hensive 

However it fails in one important 
aspect and in this sense I believe may 
be doing something of a disservice to 
your readers. It fails to recognize that, 
despite the innuendos of the article, 
film type potentiometers and in pat 
ticular carbon film potentiometers are 
widely used to replace wirewound 
potentiometers, because of — their 
obviously superior characteristics of im 
finite resolution and extremely long 
life and reliability 

Manufacturers of analog compute 
equipment have been limited in speed 
of multiplication, hence in speed of 
operation of their entire equipment, 
by the characteristics of wirewound 


potentiometers Thi ha spurred 
various attempts at development of 
electronic multipliers. With merely 
the direct replacement of wire 
wound units by carbon film potenti- 
ometers, it has been possible to in 
crease the frequency 
calculation from 2 cps with the wire 
wound units to over 50 cps with 
carbon film units. In addition, life 
even at those extreme speeds exceed 
that obtainable with the wirewound 
types 


bandwidth of 


Herbert H. Adise 
Brooklyn, N. Y 


Volunteers go to the firing line. We 
hope to publish an article on the use 
of carbon film potentiometers, per- 
haps by one of Mr. Adise’s associates. 


Fd. 


The boiling pot 
lo rue Eprror 


We have read your editorial, “Are 
We Losing the Race With Russia?” 





THE PROBLEM FORUM 


We're still working on the temperature monitoring 
problem posed in the June ‘56 issue and repeated with 
one solution in the August issue. Next month we'll leave 
the processing industries and pose a problem for ma- 
chine-control engineers or one for their counterparts in 
aircraft and ordnance. Send in your problem. Limit its 
scope, but describe it completely. Cash awaits the most 
intriguing problems and the most ingenious answers. 


TEMPERATURE SCANNING SYSTEM 


Proposed by G. F’. Quittner, Cleve 
land Heights, Ohio 

A family of schemes suited for tem 
perature (or pressure, etc.) scanning 
of a very large number of positions at 
low cost per position is represented 
here. ‘The system is made up of: (1 
a central generator station which gen 
crates a series of 100 carrier power sig 


— 
- 


nals (1.0 me, 1.1 m 10.0 me 

one after another at intervals of 3¢ 
sec; (2) 50 parallel scanning stations 
that are synchronized with the genet 
ating station; (3) 5,000 sensing trans 
mitters, in 50 groups of 100, each of 
the 100 tuned to 1.0 me, 1.1 me, 

or 10.0 me when it is at its appropriate 
temperature set-point 


The figure shows the uit of the 


Generated signal supply buss— low Z 





From 
scanning 


Station Return signal buss- 
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sk c, 











rime tal 
thermo! 
element 





ind are anxiously awaiting the next 
of this series. This thought provoking 
irticle has raised a question in oul 
minds—a question that has been 
raised before because it concerns a 
problem of ours, too 

We agree there is a shortage of 
graduate engineers. Since there is thi 
shortage, and since we can and will 
train more techni tans who <¢ in assist 
what engineers we have, we have but 
one problem remaining: How do we 
get these engineers to cooperate? How 
do we sell them on the idea of ac 
cepting the help of these technicians 
so that the engineers, now relieved of 
routine jobs, can devote more tun 
toward higher level work? Perhaps it 
would be well for me to explain why 
I feel that this is a problem. ‘To do so 
briefly, 1 will simply say that I have 
been told bluntly by a sufhcient num 
ber of personnel men that they will 
not consider noncollege men for thei 
engineering departments, that I know 
this to be true. Now I am well awar 
that some companies have a polic y ol 
integrating small numbers of non 
college technicians into their engin 
cering departments. ‘This practice ha 
dwindled since the end of World War 
Il. Today, most, engineering depart 

Continued on page 10 





sensing transmitters. L,C, paralle! 
tune and C,L,L., series-tune to the 
center frequency selected for the sens 
ing transmitter A bimetallic dial 
thermometer (purchased in quantit 
without face glass) carries L.., an old 
fashioned “‘tickler’ coil, cemented to 
its indicating needle. The dial ther 
mometers are inserted in thermal well 
drilled in each of the 5,000 heat ex 
changers. Or, if ambient thermal con 
ditions permit, the “‘tickler” coil i 
linked to a surface bimetallic clement 
Ihe “tickler’” coil rotates about th 
same axis as the pair of coils, L, and 
I hey can be manually tuned by 
rotating them to 45 deg displacement 
with r pe ttol when the bunetallic 
element is at the set-point 

Ihe ignal returned from each 
transmitter to its scanning station will 
differ in both amplitude and frequency 
from the generated signal. A discrimi 
nator in the scanning station, progr 
ively shifted from one center fr 
quency to the next, converts the signal 
to de. The voltage zero if the thermal 
clement is at its set-point, is approxi 
mately proportional to th angular 
deviation of the thermal element. If 
the voltage exceeds a preset bias, in the 
proper direction only, a low tempera 
ture alarm is sounded 


Wheelco 
Instruments 


THE MARK OF QUALITY 


BARBER 
COLMAN 


By Wheelco proportioning 


temperature control ! 


Operator 
at 104 ( 





of germar 
emi-condu 
shows re 


units with » 


“On-off” temperature control is unsuited to the growth of germa 
nium crystals. Harsh thermal shock imparts fault to the crystals, 
producing poor lattice structure Deposition of the conductivity 
determining additive is erratic, rather than smooth and uniform 
But, manufacturers have discovered the advantages inherent in the 
use of Wheelco Model 407 ¢ apacitrols with saturable re reactors 
These superb instruments provide the smooth, stef 
ing of heat input that assures excellent crystals eve 

case illustrated, a Wheelco Capacitrol is used with 

reactor to modulate output of a radio frequency ind 

generator. Results have been most satisfactory for the transistor 
manufacturer Solutions to control problems like I are an im 
portant part of the daily job of your Wheelco field engineer. Why 
not call him in to help with your control problems 


WHEELCO INSTRUMENTS DIVISION 


Barber-Colman Company 


DEPT. |, 1548 ROCK STREET, ROCKFORD, ILLINOIS 
BARBER-COLMAN OF CANADA, LTD., Dept. |, Toronto and Montreal, Canada 


industrial instruments « Automatic Controls « Air Distribution Pr fucts 
Aircraft Controls « Small Motors « Overdoors and Operator « Molded 
Products « Metal Cutting Tools « Machine Tools «. Textile Machinery 
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Thermal shock eliminated... 


Crystal growth facilitated... 





Mi) Small — 


COLMAN M t 
O ore ments, as you no doubt know, prefer 
-, to 


hire fresh graduates for these 
routine jobs, hoping to advance them 
new free catalog helps select exact motor needed ee ees Wek wer Bey 
have gained some experience. ‘The 
work that the noncollege technician 
could well be doing is, instead, a sort 
of proving ground for freshly grad 
uated college men. That is, perhaps, 
life, rugged construction, these a good thing. 
quality motors with high start- ® ~ si Hlowever, we still have the basic 
ing torque, low-inertia rotors \ fj problem as to how to make best us« 
provide quick, positive starting un- of the college-trained men, so_that 
der adverse conditions. Various models their efforts will be stretched as far as 
of the four types shown below. possible. ‘That problem is suggested by 
yt owe ; 
your article, to which I have referred 
Now, in view of all of this, may we 
ask: Where does the trained and ex 
perienced technician fit into the pi 
ture? Can he be used in this field to 


REVERSIBLE MOTORS relieve the pressure? 
A. G. Hathaway 


Adaptable to a variety of control Louisville 16, Ky 
circuits to meet many different 


requirements demanding a compact We are firm in the belief that the 
ne panties Te -raverene mater experienced technician, if ambitious 
Widely used for servo-mechanisms, , 1 Alli | | J f 
seniia tibiae end geaitionine and willing to learn, can do much o 
devices, voltage regulators, pen the routine testing and clerical work 
drives. Available with gear trains, | done by control engineers in industry. 


open or enclosed, in wide range of The likelihood seems greatest in the 
ratios. Low-inertia rotors permitting 


sanid covantinn and telenam make application and trouble-shooting of 
these motors ideal for many elec- instruments and controls in the raw 
tronic control circuits. material processing industries and in 
industries that manufacture ma- 
chinery and equipment for manufac- 
turing. The very problem of educating 
technicians to free the engineer will be 
the subject of an Instrument Society 
of America session on education at the 
society's September °56 International 
Meeting in New York. Some of the 
speakers: a trade-school instructor, an 
International Correspondence School 
course planner, an instrument-com- 
pany training director, and chemical- 
company measurement and control 
training director. These men will 
UNIDIRECTIONAL SYNCHRONOUS GEARED assess the problem and offer concrete 


For driving pumps, projec For chart drives, timers, For vending and office solutions. 
tors, blowers and fans for microfilm cameras, oscil machines, rotisseries, TV Ravtheon Mfg. Co. just announced 
refrigerators, gear trains lographs, and similar ap tuners, program switches, , 4 

for vending ond office plications etc. Model shown for over- an engineering development program 


MOBUNGS, oF tes daanen to encourage its employees to ad 
vance professionally by attending 

: , evening college classes and obtaining 

the complete line of Barber-Colman motors includes uni- scientific training to qualify them for 


directional, synchronous, and reversible motors — up to 1/20 engineering positions’. ‘Tuition, fees, 











Get this helpful catalog of Barber- 
Colman a-c shaded pole motors. Designed 
for applications requiring long 








hp. With and without reduction gearing — open or enclosed and books will be paid by the com 
pany. Raytheon is not alone in its 
are plan. Many companies recognize such 
exact motor for your application. Write today for your free a plan as a way to develop engineering 
copy Of Catalog F-4271-6. manpower from technicians who do 

much of the junior engineering work. 


Barber-Colman Company The problem is not so much 


types. Expert engineering service available to help you get the 


whether the engineer will cooperate 
with the technician. It is: Will the 


» MH —- oO _ ,! » g s » - 
Smal! Motors «Automatic Controls «Industrial Instruments -Aircraft Controls Air Distribution Products tec hnic ian, mce starte d as me a 
Overdoors and Operators « Molded Products « Metal Cutting Tools «Machine Tools . Textile Machinery gineering assistant, have the ambi- 


Dept. J, 1248 Rock Street, Rockford, Illinois 
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Designed to solve safety and service problems 


ooo THE NEW ASHCROFT 
PNEUMATIC PRESSURE TRANSMITTER 

















This new Ashcroft Pneumatic Pressure Transmitter i: 
particularly recommended to processing industries and 
power stations. It combines speed and accuracy with max 
imum protection and serviceability 


The new design features the 6” indicating Ashcroft Maxi- 
safe Duragauge, long known for dependable performance 
It has an integrally-cast solid metal wall between dial 
and pressure sensitive element so that the transmitter can 
measure pressures up to 100,000 psi with complete safety 
for personnel and equipment. If misapplication ruptures 
the Bourdon tube, the Teflon-coated back cover serves a 
a safety blowout relief. 


Another outstanding design advantage is easy access to 
both gauge and transmitter sections. Simply remove the 
safety-relief back cover and both the gauge and transmit- 


ter can be calibrated. Yet a sealed housing makes the entire 
assembly weatherproof 


The transmitter operates on low-pressure air. No need for 
expensive high-pressure lines and fittings. Supply air 
pressure as low as 18-20 psi for 3 to 15 psi output provides 
especially advantageous operation where electrical wiring 
might be a hazard. Inflammable, poisonous or corrosive 
liquids or gases are confined close to their source, away 
from the central control point 


The Series 1250 Ashcroft Pneumatic Pressure Transmitter 
is available with pressure sensing clements in all standard 
pressure ranges and Bourdon tube Installation 
of the transmitter is easy. Small diameter tubing may be 
used, and the pipe, stem, wall or flush mounts are inter 

changeable in the field. Get complete operational data and 
construction details. Write for Bulletin 340 


material 


YOUR INDUSTRIAL SUPPLY DISTRIBUTOR has the broad knowledge and thorough experi- 


ence essential to satisfy every 
Transmitter application. You 


requirement of your Ashcroft Pneumatic Pressure 
get fast 


economical service from his local stocks. 


in Canada: Manning, Maxwell & Moore of Canada, Ltd., Galt, Ontario 


A product of MANNING, MAXWELL & MOORE, INC. sreatrorD, CONNECTICUT 


MAKERS OF ‘AMERICAN’ INDUSTRIAL INSTRUMENTS, ‘CONSOLIDATED’ SAFETY AND RELIEF VALVES 
INDUSTRIAL ELECTRONIC INSTRUMENTS, Stratford, Conn. ‘HANCOCK’ VALVES, Watertown, Moss. ‘CONSOLIDATED’ SAFETY 


AMERICAN. MICROSEN 


RELIEF VALVES, Tulsa, Oklahoma. AIRCRAFT CONTROL PRODUCTS, Donbury & Stratford, Conn. and inglewood, Calif 


SHAW-BOX” AND ‘LOAD LIFTER’ CRANES, 


Muskegon, Mich 
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BUDGIT’ AND ‘LOAD LIFTER’ HOISTS AND OTHER LIFTING SPECIALTIES, 


ere: FEEDBACK 
4 are ae ae — — a 
’ -—=— _ 
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_ 
-- ——— 
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“Why there s an 7 tion to continue along the road and 
y) ‘ become a qualified professional en 


. 
gineer? Ed. 
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Memieeice here for 
PHILLIPS” 


lo rue Eprror 


‘ 
1 
' 
i Spheres clash with vectors 
] 
' 
i 


\lthough the vect 
Mr. Kadish’s article “‘Visualizi 
olver Circuits April 195¢ 


in ce igning 1X olver omputt 
| 


/ 


id in directly designing the 
by inspection is questionabl 
thermore, they are of n 
in cle veloping the mathematica 
A Phillips man is just minutes away tions that must invariably be obt 
for numerical computation (tl 
in many leading cities. He’s yout be done from the comput 
: once it is established 
local man with the Phillips Plan— Niele tee enntiend aiid 
. , . ossible to draw the 
a special combination of engineering : 
puter circuit directly fre 
skill* and personal service, unique vhich will yield th 
tions the resolver comp t 
in the industry. A phone call o1 vhich makes it convenient 
the result, which will yield 
telegram will put the plan in expressions for numerical 
ind which make if 
action for you. termine what are the 
that must be reduc 
olver solution rvo 
FOR EXAMPLE: Kadish’s article left o 
his method ree 
diagram ind oni 
techniques. ‘The spherical di 
program behind today’s essentially the same vector diag 


Phillips Engineered Relays 


are used in the instrumentation 


industrial automation. used by Mr. Kadish 
Al be rt | nh 
Great Neck, N. Y 


Mr. Fink enclosed the spherical 
TYPE «COA diagrams for Examples 2, 3, and 4 of 


Miniature multi-contact Mr. Kadish’s article. We do not have 
relay; highly sensitive, long ° - 
lived, fast operation. O.D space for publishing them in this 


1-19/16"° L x 1-1/8" W column, but should sufficient readers 
request them, we will publish them 
in the Problem Forum. Ed. 


TYPE 129QA/TYPE Kadish answers the Editor 
12AC Power relay, six . , { 4] 

pole. Economical. O D. I c ota phi rical di i j I 

4 arte eres three dimension 

does scem like ig 


ymewhat dubiou te 
virtue of the spherical 
visualized any more clea 
20489 TYPE 2 — Multi tae 
contact enclosed plug-in ector diagram 1G 
telay. Available 8 through easv to vi ualize 
20 pin plug. OD 
2-1/16" W « 3-1/16"L this reason prefer the 
5-1/16°H 
This latter diagram 
engineers, including m 
design by inspection of 


MULTI-CONTACT, POWER, HERMETICALLY SEALED RELAYS - ACTUATORS cuits as) Mr bink ( 


mathematical relations, w 
desired, can be obtain 
computer schemat 


A THOR CORPORATION SUBSIDIARY 
PHILLIPS CONTROL CORPORATION . . . JOLIET, ILLINOIS 


SALES OFFICES: NEW YORK PHILADELPHIA SAN FRANCISCO DENVER SEATTLE 
SANTA MONICA . CLEVELAND DALLAS . BOSTON . WASHINGTON 
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MODEL 230 SERIES INSTRUMENTED RAM ACTUATORS 




















MODEL 


180 SERVO VALVE 
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MODEL 1640 SERVO VALVE 








MODEL 


140-B SERVO VALVE 
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MODEL 





50 to 200 e.p.s. closed loop 


120-D SERVO VALVE 




















MODEL 190-G 
FORCE MOTOR 











MODEL 400 SERIES SERVO AMPLIFIERS 


PEGASUS offers industry a complete line of high 
performance Electro-Hydraulic Servo Equipment 


SERVO VALVES cover flow rates from 5 to 
160 G.P.M., with natural frequencies from 
Concentration 
and 
‘made 
manufacture. 


on long life maximum dependability 


has been throughout design and 


RAM ACTUATORS have feedback instrumen- 
tation mounted concentrically within the ram 
shaft. Strokes from 1 to 10 inches and areas 
from .5 to 5 square inches are available, Preci 
sion manufacture and double end seals insure 
and long, leakage freé 


minimum friction 


operation, 


SERVO AMPLIFIERS «1: 


construction 


of plug-in, modular 


and incl le power amplifiers, 


supplie s transtormer demodulators, 
stabilized D.( 


quired for your electro-| 


power 
amplifier ind other units re- 


lraulic scrvo loops. 


STANDARD ELECTRO-HYDRAULIC SERVO- 
MECHANISMS are ci: med tested to 


your performance and load requirements, and 


and 
are checked out at your plant by our applica- 
tion engineers, 


SPECIAL COMPONENTS AND SYSTEMS 
are quoted where performance or production 
problems require some 


pecific design 


Write us specifying your component or system problems, and we 
shall be pleased to submit our quotation. 





3690 W. ELEVEN MILE 


ty PEGASUS LABORATORIES, iNC. 
dT] 


DESIGNERS AND MANUFACTURERS OF ELECTRO- HYDRAULIC SERVOMECHANISMS 
ROAD . 


BERKLEY, MICHIGAN 
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Reader fills in file 


lo rue Eprror 

Mr. C. W. Adam 
Digital Application Se: 
fine compilation of cha 
ociated with processing busin data 
It is admittedly difficu 
ill pertinent characterist young 
ind dynamic field int me paper 
Ilowever, there are s« ral comment 
that should be mad 
thi subject 

In the discussion of “Matching In 
put Data to File Data the autho 
tates two reasons for not performing 
file maintenance and dati im a 
manner that results in modification of 
a source tape. Omitted from the di 
cussion were the followings 


1. Modification of ’ tape ce 
troys the most readily available audi 
trail or source of starting data in case 
of machine error and a 
need for restarting 
lime and 


} 


cost ire required te 


tape for rewriting modified 1 


the source tape 

At anothe: 
tated that 
re copied every tin 
dated, increased emphasis is placed on 
the accuracy of reading and writing 
My observations nl ibject ar 

1. Since inactive rds must 
be scanned (for block number or con 
trol field) to determine that they are 
indeed inactive, th eading quire 
ment would seem to bi tringent 
in either case. 

2. Writing on a source tape would 
require more accuracy because of the 
potential destruction of the onh 
readily available sou recor et 
above ) 

3. Rewriting all records, active and 
inactive, allows generation of normal 
iccounting control totals tl 
safeguard against accidenta 
tion of a valuable tape file. Even when 
only rewriting active records, there 
no protection against operator er 
powel failure, machine malfunction 
etc., affecting inactive r 
potential dangers must b f 
wainst by taking control total 
tape records, active and inactive 

The author lists the Rapid-Sort 
is a Burroughs product (under ¢ heck 
Handling, page 109 Thi 
in Underwood product 

Name wit 
Rego Park 
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RESEARCH AND DEVELOPMENT PERSONNEL Ihe above 
curve shows the growth in Ramo-Wooldridge personnel 
which has taken place since our Progress Report one year 
ago. A significant aspect of this growth is the increase in 
our professional staff which today is made up of 135 
Ph.D's, 200 M.S's and 265 B.S's or B.A’s. Members of the 
staff average approximately ten years’ experience 


FACILITIES Within the past few months, construction has 
been completed at our Arbor Vitae complex, which now 
consists of eight modern buildings of 350,000 square feet 
four of which are illustrated at the bottom of the page 
Nearby is the R-W flight test facility, including hangar 
shop, and laboratories, located on a 7-acre plot at Inter 
national Airport. 

To provide additional space for our continuing growth 
construction has been started on an entirely new 40-acre 
Research and Development Center, located three miles 
from the Arbor Vitae buildings. The photograph above is 
of a model of the Center, which we believe will be one of 
the finest research and development facilities in the coun 
try. The first three buildings, now under construction, will 
total 250,000 square feet 

A second major construction program is underway on a 
manufacturing plant for quantity production of electronic 


After Thirty-Four Months... 


systems. The initial unit of the plant, located on a 640-acre 
site in suburban Denver, Colorado, will be completed next 
spring and will contain approximately 150,000 square feet 


PrOJEcTs Our current military contracts support a broad 


range of advanced work in the fields of modern commu 
nications, digital computing and data-processing, fire con 
trol systems, instrumentation and test equipment. In the 
guided missile field, Ramo-Wooldridge has technical dire« 
tion and systems engineering responsibility for the Air 
Force Intercontinental and Intermediate Range Ballistic 
Missiles. Our commercial contracts are in the fields of 
operations research, automation, and data processing. All 
this development work is strengthened by a supporting 
program of basic electronic and aeronautical research 


THe FuTuRe As we look hack on our first three years of 
corporate history, we find much to be grateful for. A wide 
variety of technically challenging contracts have come to 
us from the military services and from business and indus 
try. We have been fortunate in the men and women who 
have chosen to join us in the adventure of building a com 
pany. We are especially happy about the six hundred scien 
tists and engineers who have associated themselves with 
R-W. Their talents constitute the really ¢ ential ingredient 
of our operations, We plan to keep firmly in mind the 
fact that the continued success of The Ramo-Wooldridge 
Corporation depends on our maintaining an organizational 
pattern, a professional environment, and methods of oper 
ating the company that are unusually well suited to the 


special needs of the professional scientist and engineer 


The Ramo-Wooldridge Corporation 
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News and information about automatic controlling, recording and telemetering 











How instrument 


men pick a winner! 


More and more manufacturers are in- 
corporating Bristol's Electronic Dyna- 
master® potentiometer and precision 
all-purpose bridge instrument into their 
own instrument systems, On these 
pages you'll see a few of its applications 
—in the measurement, recording and 
control of any variable that can be 
translated into an electrical quantity 
There are good reasons for this choice 
of the Dynamaster — whether for plant, 
laboratory or pilot plant application. 
Here they are: 

1, Continuous standardization elimi- 
nates need for dry cells and standardiz- 
ing mechanism—result: no interruption 
to control, no dry cells to replace. 

2. High accuracy .. . fast operation... 
continuous electronic measurement. 

3. Simple in design 
parts. 


... few moving 


. . little or 


4. Easy to use and service . 
no maintenance required. 
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5. Flexible in application 


6. Rugged in construction unaf- 


fected by vibration. 


7. Plant operating men quickly become 
familiar with this instrument and like to 
use it. 


8. Versatile for single-pen, two-pen, and 
multiple record (up to 24 points), with 
either strip- or round-chart. 


ELECTRONIC AND PNEUMATIC CON- 
TROLLERS. Both strip- and round-chart 
instruments are made in a very wide 
variety of controllers that meet every 
control requirement, including : 

Electric Control—on-off, proportional 
input, 3-position, proportioning, pro- 
portional with automatic reset, and 
time-program. 

Pneumatic Control — high-gain (on- 
off), proportional, proportional with re- 
set, and proportional with reset and 
derivative. 


Gauges sheets to 0.25 Ib. 
in 3000 sq. ft. 


The “Betameter,” one of the latest re 
sults of modern nuclear instrumentation, 
was designed and built by Isotope Prod- 
ucts of Buffalo, New York, and Oakville, 
Ontario. It can measure thickness of all 
continuous sheet materials from tissue pa- 
per to 0,070-inch steel. It attains accura- 
cies up to 0.25 pound of material per 3000 
square feet. 

Beta rays, beamed through the mate- 
rial to be measured, cause electric current 
flow in a detector, The current, propor- 
tional to deviation of the material from the 
desired thickness, is amplified and re- 
corded, or used for automatic control, by a 
precision Bristol] Dynamaster instrument 

Dynamasters are also used in Isotope 
Product's (for 
heavier materials ), “Profiler” (fortaking the 
profile of strip samples ), and “Betacoater 
(for gauging thickness of coatings). 


“Gammagage” measuring 


ISOTOPE PRODUCT'S ‘‘Betameter.”’ 





Punched-card cement batcher 
increases accuracy 





This novel automation system, installed 
at Cleveland Builders Supply Corpora 
tion’s Cleveland, Ohio, plant, was designed 
to turn out twice as much ready-mixed con- 
as the 
tional plants. 


crete company’s similar conven- 
The operator merely drops a card, 
punched with the mixing formula, into the 
machine and the mixture is ready in a mat- 
ter of seconds Ingredients are accurate to 
2 pounds as against 25 for a human oper- 
ator. This results in considerable savings in 
material and also reduces operator fatigue 
Essential part of the installation are the 
Bristol Dynamaster recorders that provid 
permanent records of the output of strain 
gauges used in the weighing process 


How “No-Batt” bans 
service interruptions 





COMPACT continuous standardization unit takes 
place of dry cell in this Dynamaster recorder 


All the convenience of a line-operated 
wer supply plus the accuracy and sta- 
yility of a standard cell—that’s what 
Bristol's “No-Batt” continuous standardi- 
zation gives the user no dry 
cells to replace and absolutely no inter- 


There are 


ruptions to service for standardization 


This ingenious development achieves 
voltage accuracy of 1/10th of 1 per cent 
with an estimated standard cell life of 5 
to 7 years, 

All Dynamaster models may be 
equipped with this feature for completely 
uninterrupted recording measurement or 
control—and, of course, the more conven- 
tional dry-cell and push-button or auto- 


matic standardization are still availabk 
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Greatest analytical development in decade! 


Gas chromatography units, with 
Bristol recorders, speed analysis 


Computing and recording equip 
ment is now aiding automatic qualita 
tive and quantitative analysis of gases 
and volatile liquids by partition chrom 
atography. Scientists at Gulf Research 
and Development Co., and Fisher 
Scientific have built an instrument us 
ing a thermostatted chromatographic 
column to resolve components of each 
mixture 

As each component emerges from 
the column, it is detected and a record 
made on a built-in, accurate high- 
speed Dynamaster recorder. An auto- 
matic integrator simultaneously 
computes the quantity of component 
and makes a second record 

Other units which use Dynamaster 
recorders in this application include 
Podbielniak’s Chromacon, Beckman’s 
Gas Chromatograph, and Research 
Equipment Corp.'s Distillograph 


Professors turn students at Bristol 


'Ses 


Education for automation started at 
Bristol back in 1920 with an instrumenta- 
tion school for our own sales and service 
engineers, In 1927, we invited our cus 
tomers’ engineers to our school—and in 
1949, we opened our first free summer 
training session (since repeated several 
times ) for professors from engineering 
schools throughout the country 

Among subjects studied: pressure and 
vacuum including liquid level and abso- 
lute pressure; telemetering; low measure- 
ments; pyrometers, thermocouples and 
resistance thermometers; electronic detec- 
tion ; filled thermometer systems and rela 
tive humidity; and electrical measurement 
with voltmeters, ammeters and wattmeter: 


Photo courtesy of Fisher Scientific Company 


Oxygen Analyzer uses 
Dynamaster recorder 


Recording and control of oxygen in 


gases of all types is the job of this oxygen 
analyzer, designed and built by Armold O 
Beckman, Inc., South Pasadena, Cal 


The operating principle of the instru 
ment depends only on the paramagnetic 
properties of oxygen. No combustion, hot 
wire or consumption of the sample 8 in- 
volved. This precision analyzer uses the 
meticulously ) sera and manufactured 
Bristol Dynamaster recorder to indicate 
and record its 
content 


measurements ot oxyven 


Dynamaster component 
takes to air 


—2 er. Re 


Official U. S. Air Force photo 


Flying high now, as a vital part in 
military aircraft like that shown above, 
Bristol's Syncroverter® switch got its start 
in the Dynamaster potentiometer. 

Originally designed to help the Dyna- 
master endure extremes of shock and vi- 
bration (in steel rolling mills and the like), 
the Syncroverter switch or “chopper” is 
used now in aircraft to convert d-c signals 
to corresponding a-c signals, making pos- 
sible use of highly stable a-« amplifiers 

The Syncroverter switch, noted in air- 
and missile systems for 
its trouble-free life of thousands of hours, 
building blocks that make 
Bristol’s Dynamaster the rugged instru- 
ment it is 


craft instrument 


is one of the 


SYNCROVERTER 
switch for 
instruments 


MINIATURE SYNCROVERTER 


switch for aircraft 





Technical data available 


We'll send you complete technical 
data on Dynamaster potentiometer 
and bridge instruments for measure- 
ment, recording or control. Or our en- 
gineers will be glad to discuss your 
specific application problems with 
you. Write today to The Bristol Com- 
pany, 101 Bristol Road, Waterbury 
20, Conn tn 
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Resistant 
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DEKORON 


Poly-Cor 





harness 


Now you can whip high instru- 

ment tubing installation and re- 

placement costs in your plant—with 

Dekoron Poly-Cor®. That's because 

the chemical resistance of plastic even out- 

lasts expensive alloy tubing ... because its 
lighter weight and flexibility make it a snap to in- 
stall without special tools ... because you can install 
practically any number of tubes at one handling, just 
like electric wiring. You can’t lose with Dekoron Poly- 
Cor — it cuts your investment because of its 
lower instalied cost, cuts your maintenance 


because it lasts years longer. 
Tube up with DEKORON completely 


Dekoron products now in all-plastic instrument 


clude single and multiple line harness (above), flat ® 
line metal tubing with plas 10-tube *ribbon,” fittings 
tic coating, multiple tube and junction boxes. 


QUALITY ¢ RESEARCH « SERVICE 
SAMUEL MOORE & COMPANY 


OSKORONM FPROOYVCTS OViIsIion . MANTUA, OMFO 
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SIMON RAMO 
an apostle for systems engineering 





Pioneering with apo tolic zeal, a Californian named 
Simon Kamo spreads a doctrine which he feels has a 
weeping claim over many affairs of modern man 
the concept of systems engineering 

\ recent Ramo speech to scientists gathered at 
Princeton University sounded his theme. “We ar 
headed, he warned 
threatens to be 


capabilitic S 


for a new kind of world which 
dominated by our technological 
and we seem to be so insistent on 
doing things vastly more daring than have ever been 
done before that the components are lacking, even 
though fundamentally possible Ihe system 
neering must parallel attempts to develop com 
ponents around which the system is to be based 

Off the podium, Si Ramo does a 
proving that his credo work As executive vice 
president he joins his partner, Dr. Dean Wooldridg 
in heading up the world’s most sizable organization 


pectacular job 


devoted primarily to systems engineering. Onl 
three years old this past spring, The Ramo-Wool 
dridge Corp. started out with just two partners and 
At last count (May 56 
almost 1,000 graduate engineers, 400 


two associates it employed 
2.000 peopl 
with advanced degrees—and held among other major 
items, the contract for “systems engineering” the Ai 


Force's massive ballistic missile program 


Fiddling got him started 


Ramo likes to suggest that violin play ing and not 
an innate “message” got him started in his field 
While at the University of Utah (EE, ’33) and 
later at Cal ‘Tech for his PhD, he served as concert 
master for the “So,” he solemnly 
say in spite of my doctor's degree and the depr 
sion, I was able to land a job with General Electri 

1 company extremely proud of the number of seat 
its engineers and scientists held in the Schenectad 
Symphony Orchestra.” But Ramo’s ability to fiddle 
soon took a back seat to his ability to produce 
with GE he obtained 25 patents in the 


( hool or he stra 


during 
ten yecal 
fields of microwaves, electron optics, and electron 
microscopy, found time to write two books (Vield 
ind Waves in Modern Radio, and Introduction to 
till widely used as college 
texts, and ended up as head of the Physics Section 
in the company’s Electronics | aboraton 

In 1946 Si responded to pleas from his wife 
Virginia (a Pasadena native he 


Cal Tech 


and expand the ten-man Hugh 


Microwaves) which ar 


married while at 
and returned to the Coast to head up 
Aircraft-Radio Di 


into a high-caliber research and development group 


A CONTROL PERSONALITY 


At his desk in L.A., Si Ramo looks up from a favorite 
periodical (it happens to be our favorite, too) 


ontract d missiles and 
fire control on a systems b lhe Research & 
Development 1); thought would 
be staffed by 100 people, ult rew to 1,600 

ientist Dean Wool 
dridge, who joined Hugh ort ifter Ramo, the 
two uniting to manage the co lg 
Si became vice pre ident and d tor of operation 
over both engineering and manufacturing. In 1953 
the well-known plit from Hughes took pla e and ‘The 
Ramo-Wooldridge ¢ orp. was set ina small build 
ing in Southern Los Angel 

Divert Si Ramo away fron yor thesis and 
on to personal interests an nsist on talking 
ibout his two athletic son g 19) rather than 


the mam 


hy indling COMMA 


ind cngineccel 


owth) and 


iwards that have been heaped upon him 
ommittees on which he ha 
i one award you automaticall ne cheible for 
iv hie le ho t of idditional Oe ") il} iV ird 
vinners fill |e ital niche wiety than do 
thousands of people who have er received an 
ward of any kind Wi pect Si Ramo 
modesty her Sut those inter d in go to 
American Men of Science, v e there is a 
devoted to thi 


ipostle of systems engineer 


{ olumn 


honor NH ( ome to thi 
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MECHANICAL DEVELOPMENT APPARATUS 


Save valuable design time in both development and production 


by using Servomechanisms’ proven components. 


These proven components are available now. We've 
designed them—allowing you to concentrate your time 


on the application. The 60 and 400 cycle components, 
together with the companion instrument motors and 
the extensive line of Mechanical Development Appara- 
tus, offer the Design Engineer an assortment of ready- 
made units that are ideally suited for closed loop con- 
trol applications. 
These packaged function components are plug-in 

units permitting quick and easy replacement anywhere. 


Find out more about these quality units and how they can Save 


You Design Time. Write today for complete technical information. 


CONTROL ENGINEERING 


Servomechanisms, Inc. manufactures these units for 
use in its own analog computers and control systems. 
Now, they are available as individual units. All of the 
components meet applicable military specifications for 
both prototype and production deliveries. 

The design philosophy of packaged functions; the 
years of manufacturing experience, and the constant 
improvement of the basic units, all add up to optimum 
adaptability, performance and reliability. 


(SERVOTILOCIOUNISMS) 

















WESTERN DIVISION 


Hawthorne, California 


His weapon--Chance Vought's supersonic i ere 
ceptor—while infinitely more complex, it must 
be just as reliable as his forebearer’s sw 


ve 
EASTERN DIVISION MECHATROL DIVISION MECHAPONENTS DIVISION 
Westbury, 4. 1., New York Westbury, |. 1., Mew York a ee 
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WHAT'S NEW 


THE PROJECT: 


To conceive, design, and build a three- 
stage rocket-launching vehicle that will 
place an instrument-crammed payload, 
roughly 100 lb in weight, into an orbit 
about 300 miles above the earth. This 
will require an ultimate vehicle speed 
of at least 18,000 mph and an ability 
to withstand aerodynamic heating of 
over 1,000 deg F. Further, this vehicle 
must be launched by no later than 
December 1958. The artist's sketch on 
the right suggests what the launching 


situation will look like. 











Systems-Engineering the Satellite 


One clear calm day within the next 
20 months a matter-of-fact engineer in 
a blockhouse on a !lorida beach will 
push a button and prove the most ex 
citing systems-engineering project of 
our time: the launching of the first 
earth-circling, man-made satellite, 
“Project Vanguard”, 

The problems of conceiving, design 
ing, testing, and getting Vanguard off 
the ground and into orbit are epic 
ones~many completely new to man 
Yet they are now being dealt with on 
a commercial contract basis over a 
fixed time schedule by a_ youthful 
team of engineers and scientists who 
consider their solution of these prob 
lems “simply another job”. 

What causes an engineering firm to 
accept such a fantastic contract? How 
can its unprecedented problems be 
handled in so routine a fashion? How 
will the many parts and facets of the 
Vanguard vehicle be brought together 
from scattered sources and actually 
made to work? And what accounts for 
the self-assurance of people on such a 
project? 

Dig deep during a visit to The 
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Glenn L. Martin Co., prime contra 
tors for the launching vehicle, and 
you'll find the answers. ‘The company 
has a superb background in high-alti- 
tude rockets, top-flight engineers, fine 
facilities (see items on ‘prototype’ 
people, and control problems on op 
posite and following pages). But the 
real story lies in a less tangible talent 
that this company (and a hundred 
other top American engineering firms 

see page 92.) have developed to a 
high degree: the talent of a broad 
gage, analytical and orderly approach 
to problem-solving—the talent of sys 
tems enginecring. 


How it got started 


Martin’s stake in Project Vanguard 
started in 1946 with a U. S. Navy 
study contract on space flight. “It was 
a careful management decision,” says 
George Trimble, V-P in charge of Ad 
vanced Design, “and we went into it 
with our eyes open. If there was a 
reason to build a space ship—why not 
Martin?” In the years following this 
initial study, Martin fulfilled another 
contract for the Navy and got still 


closer to “space” by building a series 
of high-altitude research rockets called 
“Vikings”. “In many ways,” muses 
r'rimble, “the Viking project was a 
challenging as Vanguard. We dealt 
with many unknowns, learned many 
things. For example, in Viking we 
discovered how to rip the fins off a 
rocket and us¢ 
balled motor 


a gyro-controlled gim 
instead Also, Viking 
made us develop the first leakproof 
aluminum tank for oxygen—a great 
weight saver. And in Viking we 
learned how to deal with the structural 
‘feedback’ we got on the control 

It was Martin’s Viking background 
and the enthusiasm of Martin engi 
neers who fired Vikings from the sands 
of New Mexico that finally, on Oct. 
5, 1955, persuaded the U. S. Navy to 
sign a multi-million dollar contract 
making the company responsible for 
designing, building and operating the 
satellite-launching system 

At the onset Martin gave the prob 
lem all the room it needed. A sepa 
rate engineering organization was 
established under an Operations Man 


ager to run Vanguard as a separate 








company entity and a staff was set up 
headed by a Project Engineer, with 
Managers of Manufacturing Quality 
Control, Contract, Project Planning, 
Procurement, Finance, Customer Serv 
ice, Field ‘Test, Information Service 
All of the managers and many other 
Martin personnel were put full-time 
on the project, and all company fa 
cilities (1.e., computing services, draft 
ing, etc.) were made available. 


Subcontractors selected 


he first job for the Vanguard staff 
was to create realistic boundaries for 
the design Specifications then were 
sct up so that bids could be submitted 
by subcontractors for component parts 
of the system 

On Dec. 12, 1955, the first major 
subcontract was announced: Aerojet 
General was to supply a liquid rocket 
motor for the second stage (the first 
stage would be a modified Viking 
powered by a new General Electric 
rocket motor). On April 5, 1956, 
four more subcontractors were named 
Grand Central Rocket and the All 
gany Ballistics Laboratory got design 
of the third-stage rocket; and Minn 
ipolis-Honeywell and the Vickers Ele 


THE PROTOTYPE: 


tric Div. of Sperry Rand design of the they must al know each other. In 
major controls subsystems this way no one can pass the buck.’ 
Ihe Honeywell contribution — to In keeping with this outlook, all 
Vanguard is a three-axis system con ubcontractors have resident engineers 
isting of hermetic integrating gyros it the Baltimore plant and others 
I11G) that indicate vehicle position at come on regularly scheduled visits 
any given moment of roll, pitch, and Further, once cach month there is a 
yaw. Vickers Electric is furnishing a formal, classified review by all firms 
magnetic amplifer autopilot which with no holds barred 
will be instructed by the gyro reference 
system and will, in turn, move the gim 
balled rocket engine to control flight loday Martin engineers are deep 


Progress and plans 


In general, all Vanguard subcon into an evaluation of component and 


tracts have been placed by regular vehicle subsystem performance which 


competitive bid ind cost has been eventually will result in a check-out of 
very much a factor. But the unusually complet te ind the overall de 

small timespan for the project—less sign criteria final vehicle. In 
than two years from contract to the meantime ce feld-test crew 1s 
launching—has fostered an unusually packing for tv cars’ residence at Pat 
cooperative program between Martin rick AFB near Cocoa, Vla., where a 
ind its subcontractor The primary tedious and thorough velicle testing 
responsibility of a systems contractor program tart next fall. An un 
stresses William B. Bergen, Martin disclosed number of test vehicles wall 
I:xecutive V-P, “is to direct all effort ictually be d before the first official 
toward the same goal. And in Van Vanguard ta to the air. Each 
guard our time-span is so hort that it hot will 1 definite primary ob 
would be disastrous if anyone went jective i vell a everal econdary 
off on a tangent Hlence we try to TLL md Ww ivi instrumentation 
make sure that our ubcontracto handling up 00 individual mea 

know the total problem is well a urements ¢ many as four differ 
their own individual problem ind ent tclemetering channel 


Much of the background for the satellite vehi- 
cle has been gathered by firing twelve Viking 
high-altitude rockets—No. 11, below, soared 


a record of 156 miles. 


WILLIAM B. BERGEN, Executive Vice GEORGI S IRIMBLI jr, VP in 
President, has been prime-mover for the charg { Advanced Design Div. (MII 
systems-engineering concept at Martin 4) pushing Martin interest in nu 
Hic got his BA in AE trom MIT in ‘4 ‘ sod gravity as well as rocketry 


N. ELLIOTT FELT Jr., Operations Man DONALD J. MARKARIAN, Project Ea 
ager—Project Vanguard, got his masters gineer——Project Vanguard, took his BSA 
at Georgia Tech in ‘$1 in servo field a NYU in ‘44, has been serodynamics 
has specialized in autopilot systems engineer on Martin plane contracts 


THE PEOPLE: Four of the key people in Project Vanguard are seen 
above. All of these pioneers in this new field are forty or under. Their 
enthusiasm about the project is real but not extravagant: to them it is 
simply another R & D contract to be completed for The Glenn L. Martin Co 
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\ithough the Na 
to launch only one satellite during the 
International Geophysical Year (July 
1957 through December 195%), several 
rockets will be that at 
least one bird gets into orbit As Rear 


commniutment 3 


built to be sure 


\din. I’, KR. furth, former Chief of Na 
il Research puts it, “If all this effort 
vere risked on one shot, thi project 


ifiees ind 


ilwas ™ 


technical workers would 
with the desire 


' 
calculation, on 


confronted 
to make one more 


more adjustment, or one morc test 
flight befor firing, in order to be cer 
tain of Yet, to complete the 
tep of the program 
bold, confident 


prepared 


ICCC 
ob on time CVCry 
must be marked b 


engineering in which we ar 


‘ , al ; ? i} 
k¢ i ( ISCqu j Eheeae: 


) 
hort if i 


HOW VANGUARD LAUNCHING VEHICLES 
CONTROL PROBLEMS WILL BE SOLVED 


\ sp 

lik PROBLEM 
It lias been disclosed that the Wan 
ruard rocket will not have fins, as did 


its predecessor, the Viking, but will 
be directed by a gyro-controlled gim 
balled motor hii 


iderable 


has focused con 
interest on the 


system, 


Vanguard 
control since it must stabilize 
ind control the big rocket without the 
help of “arrow stability 
mally supplied by fin 

Specifically, the Vanguard control 

tem must keep the rocket precisely 
aligned with a BYroscopK ret rence ith 
all three orthogonal axes (pitch, yaw, 
roll) during the first two 
powered flight, and during the second 
stage of coasting flight, until the third 
stage is separated. ‘The third 
not itself require a control sy 
tem, since it 1s spun up before launch 
ing and thus stabilized in flight 

Our that to satisf 
guidance trajectory requirements tor 
the second stage, coasting pitch and 
yaw control errors must be kept within 
4 deg—particularly at — third-stag 
launch. And that in the first 
ond stages 


which is nor 
tructures 


stages of 


stage 


doe S 


studies show 


ind CK 


powered control error 





SPECIFYING the Vanguard-vehicle control-system require 
ments starts with expressing the predicted airframe character 
istics along with control unknowns in block diagram form, The 


diagram above shows a pitch-control system 
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mtribution by PETER FREEMAN mit 


Vanguard, The Glenn | lartin ( Balt 


hould be kept within 4 deg 
for a few 
by gusts, 


xcept 
hortlived transients caused 
taging, etc. In roll, the er 
rol hould be kept within deg. ex 
cept for a few larger transient 


THE DEVELOPMEN'I 
PROGRAM 


The actual 
trol development is a 


rocket-con 
omplished in 


busin of 
five principal step | inalysis, 


circuit and mechanical design; 3 
breadboards and dynamic mockups, 4 
hardware design 
facturing, and 5) 


onmental testing 


ind release to manu 
operation and envit 
Paralleling all these 
program of verilica 
tion and testing to be sure that the 
controls system will work correctly 
In addition, all of the characteristic 

limits, and capabilities of the 
under all conditions of laboratory, fac 

tory, transit, and field test site, as well 
as in actual flight, must be thoroughly 
explored and catalogued 


steps is a mgorou 


system 


1—Analysis 


The inalysi 


namucists 


ac rod 


with the 
differential 


Start 


CX pre me li 


perfection 
At Martin this viewpoint epter 
alistic ilthough the mneers on 

the iob, who have n¢ ! glamotl 
n their day-to-da quest I the opti 
mized tem, are too bu t con 
cerned with the pros} t f thei 
project possibly fizzling 
Md 
equation form, th amic behavi 
characteristics of the rocket. Initiall 
these charactcristi I dicted u 
ing data from previo ket-flight 
tests, wind-tunnel test ind aerod 
namic analysi Ihe predict chara 
teristics are later verifi from exten 


ive wind-tunnel test 1 the actual 


Vanguard configuration 
The range of variables in anal 


considerable ince it iclud on 
tep-by-step basi the vhol progre 
ion of dynamic pressure veights, in 
ertias, staging powered, and coasting 


condition 
flight. ‘lhe 
the aerodynamicist 
controls 
convert 


differential eq fron 
ire relayed to th 


VV ho 


im1on 
inalyst mathematicalh 
itional ( 
transfer-function form Block dia 

then synthesized using the 
nam characteristi i 
known” block ind th 
blocks d unknown bh] k \ Wm 
plified block diagram of this type 1 
illustrated below (left 


them into op 


grams are 
missile dy 


( ontrol tem cq ment 1 
now formulated, taku nt oun 
ICCUTAC' t ft est 


I¢ quar Wich 


yi’ 


MOCKUP for first-stage roll-control system simulates missile 
roll moment of inertia using weighted, chain-suspended beam 


freely when steam-jet assembly is activated 


y 


through th hole ré ket 


" 


controlle: 





Gyros and amplifiers are mounted on the beam, which rotates 











VOLTAGE REGULATED 
POWER SUPPLIES 


lor powering electronic equipment 


ERS 





with NEW-IMPROVED FEATURES 
* FAST recovery Time 





KR-18MC 


* GOOD stasiuity 
* LOW output impeDANceE 


KR Voltage Regulated Power Supplies are conservatively 
rated and are designed for continuous duty at 50°C ambient. 


REGULATION: Less than 0.2 volts for line fluctuation from 105- 
125 volts and less than 0.2 volts for load variation from 0 to 
maximum current. 


RIPPLE: Less than 3 mv. rms 


STABILITY: The output voltage variation is less than the regula- 
tion specification for a period of 8 hours. 


RECOVERY TIME: Less than 50 microseconds. The excursion in 
the output voltage during the recovery period is less than the 
regulation specification. 


OUTPUT IMPEDANCE: Less than 0.1 ohms from 20 cycles to 
100KC. Less than 0.5 ohms from DC to 20 cycles. Many units 
have very much lower output impedance. 


KR-3M 
FEATURES: 


@ Fast Recovery Time, Suit 
able for Square Wave Pulsed 
Loading 

@ Voltage Range continuously 
variable without Switching 

@ Either Positive or Negative 
may be Grounded 

@ Oil Filed Condensers 

@ Wire Harness and Resistor 
Board Construction 


125 volts, 


Pilot Lights. 


@ Guarantee One Year 


All models available for 400 cycle operation on special order. 


- — 


131-38 SANFORD AVENUE - 


@ Power Requirements 105 
3060 cycles. 
@ Terminations on rear of unit. 


@ Locking type voltage contro! 
AC, OC Switches, Fuses, and 


@ Color Grey Hammertone 


1.5 Amp. KR SERIES 





Mode! 


Volts 


6.3V AC 





0-150 


Each supply 





KR17 


100-200 


19” 


12%” 





has two 





195-325 


19” 


124%" 








15 Amp 








KRI9 





295-450 


19” 


12%" 











outputs 


19” 








12%" 








600 ma. KR SERIES 





Volts 


6.3V AC 


Rack Mount 
w Ul] 0 





LKR 6 
KR 5 


0-150 | 


100-200 


Each supply 
has two 





195-325 


10 Amp 








KR? 








295-450 





outputs 


1y 
iy 
19” 
s ] 9” 


"110%" 
"110%" 


13” 
13” 


’ 1042” 13” 











0%" 13" 





300 ma. KR SERIES 





Volts 


6.3V AC 


Rack Mount 
w 





KR 12 
KR3 
KR 4 
KR 10 





0-150 
100-200 
195-325 
295-450 





Each supply 
has two 
5 Amp 





outputs 





A] 
19’) 7 
19”} 7” 
19”} 7 
19”) 7 




















125 ma. KR SERIES 





Volts 


6.3V AC 


Price 





KR 11 
KR 1 
KR 2 
KR 





4 


0-150 
100-200 
195-325 
295-450 





Each supply 
has one 
1 Amp 
output 








19” 
19” 
19” 
19” 


2 
11” 


71 ly 
1” 
12" 











$180 
$ 90 
$ 90 
$ 97 








Te include 2 Current and Voltage Meters, Add M te Model 


sumber (eg ER 16M) and Add $30.00 to the Price 


Te inciude Dust Cover and Handles for Table Mounting, Add C te 


Model number (eg KRIG C) and Add $10.00 to the Price 
Te include Meters, Oust Cover and Handles, Add MC te Model 
umber (eg %R16 MC) and Add $40.00 to the Price 


PRICES F.0.8. Flushing 





A LINE OF 50 MODELS 


Available from Stock — Catalog on Request 


N.Y 


VISIT BOOTH #1516—ISA SHOW—NEW YORK—SEPT. 17-21 
VISIT BOOTH #126-7—NEC SHOW—CHICAGO—OCT. 1-3 


* INDEPENDENCE 1 


SEPTEMBER 


1956 


rd toto -V-{o)-7- Gael 1) + 


FLUSHING 55 


1000 





























READ WITH 
A RULER... e.7 


the exclusive recti/rite trigonometric link- 
age inscribes the true signal form on 
a standard rectilinear chart. You have | 
frontal access for all controls and making 
chart notations . . . + 1% accuracy over | 
full 44-inch scale; sensitivity —0.45-inch/ 
100 microamperes; pen speed at a quar- 


ter-second over full 44-inch deflection. 


Use ac or de drive, spring drive, or 


external drive . . . with 10 optional 


chart speeds. 


For complete information on the modern 


and versatile recti/riter — write for 
Bulletin R-501. 


LABORATORIES 


7, HROUSTON TLECHNICAI 


1701 BUFFALO SPEEDWAY «+ FP. O. BOX 6027 
HOUSTON 6 TEXA 





instrumentation subsidiary of 


‘TEXAS INSTRUMENTS INCORPORATED : 
47 
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WHAT’S NEW 


DYNAMIC MOCKUP of first-stage pitch-yaw control system involves hooking a 
breadboard actuator, transfer valve, and followup to the gimballed, dummy rocket 








motor. On the bench is test equipment to measure loop response to various inputs. 


tions, disturbances, et po ed by vari 
ous other design group uch as 
Guidance, ‘l’elemetering, Propulsion, 
Airframe, Electronics, ‘Test, ‘Tooling, 
et Armed with this set of require 
ments and a set of missile-dynamics 
transfer functions, the controls ana 
lysts synthesize controller characteri 
tics which reasonably satisfy, on paper 
the criteria for stability, response, a 
generated by all the de 
sign groups concerned. At this stage 
the analvst may select either linear or 


curacy, ete 


nonlinear controller or possibly a 
combination or “dual mode” control 
ler In Vanguard both linear and 
All of the 
systems use electrical R-C networks 
which produce a stabilizing phase-lead 
characteristic in the control system 
Analysis continues with the “paper” 
control systems getting their first trial 
runs on the electronic analog com 
puter Here the complet block dia 
gram, including limits and disturb 
inces, is simulated in the computer 
by combinations of de amplifiers and 
suitable electronic network After a 
thorough shakedown on the simulator, 
where the original paper controllers 


nonlinear types are used 


have probably been modified, tailored 
adjusted, etc., for optimum perform 
ance, the control-system “numbers” 
are passed to the circuits and mechani 
cal design group: The analysts are 
not finished, however Chev must 
conduct more analog tests which r 
place the hardware-simulating net 
works and amplifiers with breadboard 


ind prototype versions of th ictual 
units. In all, four omplet inalog 
computer programs proceed during the 
complete development program 

Also, during the analysis phase th 
problem of controls interaction with 
basic rocket structure is first consid 


cred. In this interaction the motion: 
of the thrust cylinder, as actuated by 
the electrohydraulic servos, may set up 
vibratory bending motions of the 
whole rocket structure. The gyros de 
tect the angular part of the motion 
ind feed signals back into the control 
loop This effect caus ontrol re 
sponse at the same frequency, pro 
duces still more structural vibration 
and may result in either control-sys 
tem signal saturation tructural 
damage to the rocket—or both 
Structural “feedback” was one of 
the toughest control problems to solve 
on the Vikings and should be even 
more dificult on Vanguard due to 


its higher “fineness” (length divided 
by diameter) ratio, which cause 
higher amplitudes and lower frequen 
cies for the various modes of structural 
vibration. To determine the extent of 
this problem, the vibration dynamicist 
first express structural characteristics in 
differential equation perationalize”’ 
these equations, and insert them in the 
block diagram, and then analyze the 
effects on the control system 


2—Design 
The circuits and mechanical-design 


groups take on the next basic step in 
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PRECISIO 


series ; \ 


The new standard of high-precision potentio- 
meters. Advantages include greater accuracy, 
finer resolution, lower torque, longer life and 
better performance under adverse environmen- 
tal conditions. 48 standard models meet most 
special design requirements. 


7 
wee ‘tw 1 = 


1 oe 


1100 


series series 


Precision potentiometers that offer your 
products a price advantage in today's 
competitive markets. Engineered for easy 
installation with readily accessible ter- 
minals. Accurate, dependable, long lived. 


Long a favorite for both military and 
commercial purposes. Has proved itself 
exceptionally rugged and dependable 
in years of use on many mobile and 
stationary applications. 


BORG MICROPOTS 


precision poten tiometers with 


UNLIMITED DESIGN APPLICATIONS... 
MORE PROFITABLE PRODUCTION POSSIBILITIES 


Your job is made easier when you use Borg Micro- 
pots. They're versatile .. . they're flexible. Standard 
models can be readily adapted to meet the special 
requirements of a wide variety of applications. What 
is more they have many exclusive advantages: — — 
absolute linearity, permanent accuracy, long life, and 


dependability. You can rely on them to meet your 


Janesville, Wisconsin 


most rigid commercial and/or military specifications. 
They're readily available too. Production has been 
stepped up to assure prompt delivery of any model 
in any quantity. We invite consultation with your 
Borg “Tech-Rep”. His helpful advice can often save 
you time and money. Write us today for his name 


and address. It will pay you to know him. 


BORG EQUIPMENT DIVISION 
The George W. Borg Corporation 


SEPTEMBER 1956 








Industrial 


Periscopes 


AT 
HANFORD 


SAVANNAH 
RIVER 


NAVAL 
RESEARCH LAB 


IDAHO FALLS 
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Check these advantages 


Sharp Definition and Clarity 
True Color 








Complete Reliability 
No Operating Cost 
















Avallabie with 
these custom features: 
SELECTIVE MAGNIFICATION 
REMOTE SCANNING 

WIDE FOCUSING RANGE 
"NON - BROWNING" OPTICS 
BUILT-IN RADIATION SHIELD 
INTEGRAL CAMERA ADAPTER 
MICROSCOPE RELAY 
BINOCULAR EYEPIECES 
UNDERWATER DESIGNS 


Send for Bulletin 301 
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WHAT’S NEW 


controls development. Here the pa igns al rystalliz tl next 
per control ten ind = requir development step 1s t ld and test 
ments are gone over and a number of in extensive seri f idboard mod 
instrumentations get further stud els of all the element f th mtro} 
In general, Viking and Vanguard vstem. ‘The breadb« vhich 
control tems break down into a ent individual electrical nd ek 
number of fairl ll-defined fun tronic components are first checke 
tional parts: gyro preamplifier, com thoroughly for all ph f perform 
pensator, power mee her, power actu ince and any discrey ire rem 
itor followup ind ba kup tructure died When the i lual bread 
The circuits group decid on the boards meet their d | ment 
conhiguration of the gvro system pre they are combined wit! an inalog 
implifier, and compensator. The m« omputer, which sin t ontro] 
chanical-design = gr up elect power tnator ind gyro and m le-airframe 
ictuators and backup structur Both dynamics to check th tem com 
groups gencrally team in picking th patabilits 
followup ind pow um plifies Sec Ihe mecha il | idboard item 
tabl on Vanguard control de vn ire next assembled t hat we call 
problems (below) for some of the fa dynamic mockuy is a pilot 
tors which influence the selection of rangement of th fin hardwa 
this hardware items which are inflr yy and in 
3—Breadboarding fluence the control system—the phot 
. graph on the preceding page sh 
After the circuit and mechanical de tail-can mockup After this mocl 
VANGUARD CONTROL DESIGN PROBLEMS 
I~FOR THE GYRO SYSTEM 
Is a stabilized platform needed, or 1 directiona t ent 
vro pair adequate from drift and angular freedom st t 
Should a rd torque p koffs, ind pin motor 
What is the ju d running life? 
What are th equired environm ntal « ipacit part 
of heat, vibration, and shocl 
What are the power, weight, and volume requirement 
What alignment and warning cedures are required 
H—POR THE PREAMPLIFIER AND COMPENSATOR 
Should magneti imp lity r, tran to mventy 
niques be used 
\\ hat kind ot nodulator or demodulato re ce 
Should the stabilizing “‘lead”’ effect be tained ict 
in the forward feedback loop, or should rat if f 
gyro be used? 
What is the nature of the signal mixing circuit 
What are the power, we ht, and volum qu 
What environmental limitations are present? 
What kind of filtering necessary to reduce pov { 
ind instrumentation noise? 
HI—-FOR THE POWER AMPLIFIER, FOLLOWUP, 
POWER ACTUATOR, AND BACKU P STRUCTURI 
Should the driving energy be up plied electricall mic } 
matically, hydraulically, « if in combination, what 
If clectrohydraulic actuation is used whal is the pre fl t 
ize, and oil npre ibility to be used? 
If clectrical, what current itio, backlash, t | stiff 
me are require \? 
What is the natural vibration f yucn f th 
\ the pivots tree trom | ind bindin \ tl 
I nubbing or other dampin equired ¢t | 
control goes hard over’? 
Should the followup be electrical, mechanica r hyd t 
translatory? 
What should be th ) luntie 


followup? 
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DC Digital Voitmeter ().0)1 % ac 
curacy. Automatic 
cluding calibration 
printer. 


operate 


RATIO 


Digital Ratiometer DC to ().01' 
AC to 0.01% Ope rates printer 


SYSTEMS 
AC, DC, 2 


because 


operation, in 
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ac-pc 


AC-DC Digital Voitmeter (). | ‘ 
AC, 10 ke. 0.01% Dt Auto 

§ matic calibration; operates 
printer 
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in-Line Counters | 
as 
aidgit ace 


ent per 


unit time | uracy; LOO 
ke operate 


Ve il ¢ ountes 


printers. Timer: Uni 


linn I 


AUTOMATION 
SVS TEMS 


Auto 
2 if 


Sequential input scanner 


matic print-out with AC, D¢ 


comy lete line of digital instru 

ind leads the tate of the 
art in digital instrumentation proved by the 
long list of firsts in the field. Reliability of E-I 
instruments has been established thre ugh hun 
dreds of applications. If 


volt iwe 


the onl 


I I ofter 


ments and system 


you want to qui kly and 


automat ally measure frequency or re 
istance, I} 


your inquiries 


I engineers will be happy to answer 
regarding the application of E-I 


instruments to your specific problem 


Where accuracy, 
simplified read-out, 
automatic operation, 
automatic print-out 

are required 

for measuring 


Digital Onhmmeter Accuracy to 
O.O1* Automati 


printer 


ope ration 


ope rate 


or where 
complete digital 
automation systems 
are specified 


DIGITAL TESTERS 
AC to 0.1 
DC to 0.01 
2 to 0.01% 


The Complete Line 
of Digital Instruments 


LECTRO 
NSTRUMENTS 


inc. 
3794 Rosecrans Avenue 


San Diego, California 


Engineering field offices in major U.S. and Canadian cities. 
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Famous WacLine military electronic prod- 
ucts are now available for use in your 
commercial or military products. Wacline’s 
experience in manufacturing products to 
rigid government specifications and time 
schedules assures the finest quality com- 
ponents and excellent deliveries. 


=| 


Waveguide test components, adapters, 
probes, slotted lines, mounts, dummy 
loads, attenuators, and special assemblies. 
For all band applications, from ‘'K"' to “L.”’ 





‘ 


TACHOMETERS 


hy wy 


Direct-connected types for RPM indication 
and controlling speed of electric motors, 
processes, etc, New flat, pancake design 
features special, non-protruding axial de- 
sign. Adaptable for motor sizes from 2” 
diameter and larger. 





ADJUSTABLE SPEED 
A-C DRIVES 





Induction motor units with closely. 
regulated, variable speed, for constant 
torque applications. From 0.1 oz.-in. to 50 
ib.-it. torque capacities, Adaptable to ex- 
plosion-proof or hermetically sealed de- 
signs. Remote indicating and controlling 
optional, Can be adapted to a large va- 
riety of applications with close tolerances 
and wide ranges of speed. 





35 SOUTH ST. CLAIR STREET 
DAYTON 2, OHIO 
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TESTING Vanguard’s com- 
ponents will not be done in 
this manner—but it’s not a 
bad idea. ‘The serious engi- 
neer on the right is Honey- 
well’s Phil LaHue. He is 
driving a nail with a model 
of the HIG gyro that will 
sense roll, pitch, and yaw 
in the satellite vehicle. 


been checked out as a control system 
by itself, it is electrically combined 
with the analog computer and bread 
board amplifier, and its performance 
in the whole loop is analyzed. The 
analog, which in early tests simulated 
the entire loop, now supplies only mis- 
sile airframe dynamics and gyro. 

Individual dynamic mockups are 
next integrated in performance tests 
lor example, the dynamic mockups of 
pitch-yaw control of both first and sec 
ond stage, after separate checkout on 
the analog computer, will finally be 
integrated into a grand “wrap-up” ana 
log computer simulation test which 
will include an additional breadboard 
of the complete missile-power-sup 
ply systems, plus staging and separa 
tion systems. In this final test the 
computer may simulate only the mis 
sile airframe dynamics. If practical, 
the actual missile gyro will be used. 
It will be mounted on a servo-driven 
tilt-table positioned by computer out 
put. Adding the actual gyro allows 
direct checkout of other control sys 
tem functions. 

Another variety of dynamic mockup 
is being planned where the complete 
control loop will be simulated by 
actual hardware, rather than by clos- 
ing it (through gyro and missile dy 


namics) with an analog computer 
The first- and second-stage roll con 


trol (see illustration, page 24) and the 
second-stage pitch-yaw coasting con 
trol system will be simulated this way. 
These mockups will not only verify 
theoretical designs, but will debug pro 
totype hardware 


4—Hardware Design 


After the circuits and mechanical 
components are breadboarded, tested, 





and verified in their various jeops, 
actual product design start This is 
the “brass tacks” part of the program; 
here knowledge ind = experience 
gained in the lab are translated into 
manufacturing blueprint form. A very 
vital phase of this work is the coordi 
nation and integration of the control 
system into the rest of the rocket de 
sign. All components must fit the 
whole—both mechanically and ele 
trically—as well as work within them 
selves. A multitude of environmental 
and operational problem 
be solved, such as cooling (or heating), 
vibration and shock, alignment, need 
for adjustments, accessibility, etc. 
The product-design phase of the 
program also includes: furnishing test 
specifications and procedures; coordi 
nating all detail, assembly, and instal 
lation drawings with the manufactur 
ing, subcontracting, procurement, and 
inspection divisions; training manu 
facturing and inspection personnel in 
testing, servicing, 
subcontrol systems 


must also 


ind operating the 
(using the engi 
neering breadboards and mockups as 
training tools). ‘This product-design 
step also extends into the manufactur 
ing cycle, where designers must carry 
on a very active liaison with the shop 


5—Testing 


Testing, the final step in develop 
ment, is done in two ways—operational 
and environmental. ‘The environ 
mental program is generally conducted 
on either the first manufacturing pro 
totype, or on one of the first produc 
The operational test 
ing is done in two stages: first as indi 
vidual components, and second as 
complete systems or subsystems 
mounted into test installations. These 


tion systems 








Specify Lapp Auto-pneumatic PULSAFEEDER 
... for Automatically Controlled Metering of Liquids 


The outstanding features of the Lapp “Auto-Pneumatic” Pulsafeeder make possible 
continuous automatic processing of liquids which cannot be satisfactorily handled by 
plunger-type metering pumps. The "Auto-Pneumatic” Pulsafeeder is a piston- 
diaphragm pump providing positive displacement without the problems of a 

stuffing box. A hydraulically balanced Pulsafeeder diaphragm isolates the 

product from the working parts of the pump, preventing product leakage or 
contamination. With pneumatic instrument control, the pumping rate 

of the ‘Auto-Pneumatic” Pulsafeeder automatically adjusts from 

zero to full capacity. Manually adjustable models also available. 


WRITE FOR BULLETIN 440 with typical applications, flow charts, description 
and specifications of models of various capacities and constructions. 

Inquiry Data Sheet included from which we can make specific 

engineering recommendation for your processing requirement. 

Write Lapp Insulator Co., Inc., Process Equipment 

Division, 702 Wilson Street, Le Roy, New Y ork. 
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SIZE 15 & SIZE 18 
SERVO MOTORS 


MADE TO 


BuOrd Spec 


MUIRHEAD 





MANUFACTURERS OF SYNCHROS FOR TWENTY YEARS 











PERFORMA 
STALLED TORQUE 
2:35 oz in 170 gm cm 


TORQUE AT 2500 REV/MIN 
(Max. Power output) 
I ey 110 gm cm 


UM SPEED 






4800 rev/min 


RFORMANCE 


STALLED TORQUE 
1-45 oz in 104 gm cm 
TORQUE AT 2500 REV/MIN 
(Max. Power output) 
1-0 oz in 72 gm cm 
MINIMUM SPEED 
(No Load) 





4800 rev/min 


WEIGHT 7-32 oz 258 gm 


DATA SHEETS AND PRICES ON REQUEST 


| MUIRHEAD 





MUIRHEAD INSTRUMENTS INC. - 677 Fifth Ave. - 
MUIRHEAD INSTRUMENTS LIMITED 


New York 22 - WY. - U.S.A. 
STRATFORD ONTARIO CANADA 
BECKENHAM KENT ENGLAND 


MUIRHEAD & CO. LIMITED 
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tests try to closely resemble the actual 
rocket installations. 

Environmental testing generally re 
sults in a number of minor changes 
in design—particularly to increase 
wri ct immunity to the vibra 
tion, shock, temperature, and humid 
ity conditions which will actually be 
encountered by Vanguard (this in 
cludes operational testing, transporta 
tion to, and ground handling at, the 
field site and the actual flight) 

Operational testing starts with a 
thorough “bench testing’’ of all indi 
vidual component [he special test 
equipment used—designed by the com 
ponent manufacturer for this purpose 

synthesizes normal inputs from the 
rest of the system and precisely meas 
ures component output 
voltages, currents 


in terms of 
linearity, gain, fre 
quency response, timing, et 

The second phase of operational 
testing involves systems tests of indi 
vidual stages of the rocket. ‘The con 
trol-system components are assembled 
in their respective rocket stages, whic h 
ire mounted horizontally on separate 
dollies. The stages are electrically con 
nected to themselves and to a_ spe 
cially-designed system test console 
I'he control system of each stage is first 
tested individually, 
tire unit 

After horizontal tests, the rocket 
‘tages are completely assembled in 
vertical position onto a_ launching 
platform and the systems tests are r 
peated. This time the control system 
is also scrutinized for any destabilizing 
effects due to structural vibration feed 
back on the control loop. All condi 


ind then as an en 


tions on the launching stand (i. 
launch, and static firing) are simulated 
by running the control system with 


the fuel tanks filled to varving level 
with inert fluids. When the “on 
stand” operation is satisfactory, a con 
trols structural feedback study is made 
with the rocket in a special harnes: 
which permits its vibration under pre 
flight conditions This test is per 
formed for continuously diminishing 
fuel levels in the first and second 
stages to be sure that a dangerous 
structural feedback condition does not 
exist at any time during missile flight 

When vertical s\ 
cessfully completed the Vanguard con 
trol system is declared airworthy and 
delivered to the Naval Research Lab 
oratory representative stationed at the 
Martin plant, who, in turn, authorizes 
it to be shipped to the field test site at 
Patrick AFB 


stem tests are suc 








How to design 


better control systems 





im less time! 
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Servomation” Building Biocks 





b Cut Project Time and Costs 


As your design and testing center, the Servomation* Building Blocks 
can substantially reduce your overall project time and costs. First, the 
Building Blocks free more engineers per project. Servosystems, ranging 
from complete navigational problems to simple mechanical linkage and 
gear train ratios can be analyzed with just one operator 

Secondly, the Building Blocks speed up the design and development 
phase of your project. With this flexible servosynthesis equipment, you 
can quickly, conveniently simulate and test 
different control system designs 


an unlimited number of 


Your present engineering staff will be able to handle more projects more 
efficiently when the Servomation® Building Blocks act as your design, 
analysis, and test laboratory 

a Reduce Testing and Debugging Time 

The Servomation® Building Blocks save testing man-hours by providing 
components that can be quickly interconnected or 
imulate various types of servo control systems 


a wide variety of 


Any exi ting system or component can be accurately debugged with the 
Building Blocks. Individual component malfunctions are 
quickly pinpointed. Complete aireraft, military, and industrial systems 
can be analyzed right on the spot, without the need for multiple test 
units with varying accuracie 


Servomation® 


Servoboard® 
Electro-Mechanicai 
Assembly Kits 


> Save Time, Lower Costs 
by Breadboarding 


Over 250 standard components 
and parts make Servoboard elec- 
tro-mechanical assembly kits one 
of the most flexible breadboards 
you can purchase. 





Among these precision parts are: 
@ 14 pre-bored hangers which accept over 150 standard electronic 
servo components 
@ A complete line of spur and pinion gears available in either 
solid set serew or split hub 
© Exclusive Servoboard components: 4 different adapter gears, 
calibrated inertia load dises, and pulse dises 
With Servoboard’s ta mounting board, parts are assembled on the 
board from the top, w you can see what you are doing — there's no 
underneath the board to set a es in place — no skinned 
‘ . The tapped board offers the a 1 ae of permitting 
— to be mounted at any angle or position your design requires. 
oraponents are not restricted to parallel or right angle lines of assembly. 
And, these mounting boards are designed to be stacked one above the 
other to conserve heneh space. 
Servoboard can cut production costs too. In addition to breadboard. 
ing pilot models, Servoboard precision parts also serve as permanent, 
components of a systern or instrument. When a system design 
has been mocked-up and tested with Servoboard electro-mechanical 
aswembly kits, you can place your order with us for production quanti- 
ties of the same precision Servoboard parts tested and proven on the 
peeves. These components will perfectly match design specifications 
or the production run of the new system, 
With a Servoboard electro-mechanical assembly kit as your breadboard, 
you'll save many precious man-hours in assembling, testing, correcting 
and proving any design set-up that calls for a combination of electrical 
and mechanical components. 


SERVO CORPORATION of AMERICA 


20-22 Jericho Turnpike . 


The Servomation* Building Blocks have been successfully 


the debugging of 


applied in 


@ industrial, automatic 


temperature control systems 
@ guidance and flight line computer system 
®@ automatic airspeed controls 
@ automatic altitude controls 
@ automatic navigation computers 
@ automatic pilots for aircraft and missile 
> Speed Up Training 
The Servomation* Building Blocks enable engineers to understand 


servosystem parameters and their influence upon the functioning of even 
the most complex servo loop. No matter how 
parameter, the Servomation* Building Blocks 
standable display of the equations or proces 


imple or complex the 


provide a readily under 
Please Note: 

Phe Servomation*® Building Blocks are made up of 
units. You can select just the Building Block 
and then add additional components later on a 


coordinated, modular 
components you nee d now, 
your need f xpand We 
Block components can 
be set up to meet both your present and future requirements 


will be glad to advise you on how the Building 


Servoscope® 
Servosystem 
Analyzer 


7 Direct Method for Evaluating 
System Performance 


The Servoscope Servosystem 
Analyzer provides you with a 
ect method for measuring 
gain and phase lead or lag of 
any component or system in the 
bsonic freq y ranges. 








With just a few flicks of the calibrated phase dial, you get the values 
for plotting your Nyquist diagrams. The dial actually shifts the Servo- 
scope output signal an amount equal and opposite to the phase shift in 
the system under test. The gr ved lead or lag is then obtained simply 
by reading the big phase dial directly. Signal amplitude is read directly 
from the associated indicator. 
A multiple signal generator combining a calibrated phase shifter and 
built-in electronic sweep, Servoscope delivers three types of signals: 

@ sine wave modulated carrier—for A.C. systems 

© low frequency sine wave—for D.C. systems 

@ low frequency square wave—for transient functions 


Only the Servoseope Servosystem Analyzer offers all these features: 


@ Applicable to both A.C. carrier and D.C. servosystems 

@ No calibration required—Servoscope is immediately applicable to 
new assignments 

@ Accepts 50 to 2000 cycle carrier from the same source used for the 
system under test 

@ Available in 4 models, offering frequency ranges from .001 to 60 eps 

@ Produces a signal for cathode ray indicator display or oscillograph 
recording 

@ Generates 3 types of signals, phaseable with respect to electronic 
sawtooth sweep or reference signal 


@ A precision instrument that’s built to last ...that requires virtually 
no maintenance 


New Hyde Park, L.!1., N.Y. 
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All Around the 
Business Loop 

P The day has not 
1 compan in claim in 
ductions for ordinar 
pen But just recently the Int 

nal Revenue Service, m a regulation 
that do rs irch 


busine 


directed at compan 
ind development, defined for the fi 

not ordinary business ex 
and in doing so, put into an 
much work that for a 
ordi 


time what is 
pe ses 
exemptable class 
long time has been considered 
nary ind therefore taxable. 

Most happily affected are the small 
them direct] 
with svstems engineering 
got the 


when it came 


compan many -of 
connected 
Previously, these compan 
hort end of the stick 
to collecting on deductions for 
carch and experimentation” b¢ 
they do not have 
vear-out R&D programs te 
the Service and 
heavy legal artillery to pr 
case for the best tax break 
Under the new regulation, which 
effective will be retroactive for 
the period Dec. 31, 1953 to Aug. It 
1954, “the term ‘research and experi 
mental expenditures’ will mean ex 


imposing yé 
1H pre 
cannot 


wheel up 
theu 


once 


incurred in connection 
1 taxpayer's trade or 
deductiblk 


other provision of the Internal Rev 


penditure 
with busine 
which are not under any 
nue laws and which represent research 
in the experi 
Included 


| 


gence! ill ill 


ind development cost 
mental or laboratory sens¢ 
within the definition ar 

1k id¢ nt to the 


uch cost develoy 


ment of an experimental or pilo 


model, a plant process, a produ 7 2 
formula, an invention, or similar prop 
erty, and the improvement of alread 
existing property of the type men 
tioned 
Such 
whether 


or farm 


deducted 


Own fr earch 


cost hay be 
a firm does it 
out the work to someone else 
ilthough there are two 
the latter case: the 
the type the contracting « 
would claim deductions for, and th 


tipulations in 
work must be of 


Om pany 


contracted company cannot be a rival 
hrm 
> When IBM took the 
new AN/FSQ-7 (better 
SAGKk computer rece nthy, the 
got a pretty good idea of what 
ur defense D 
Military 
with 
Laboratory, the nev 
heart ane 


on it 


known i 


Wi ip 


nation 
being 
done about our 
by IBM 


oope ration 


igned 
Products Div. in 
MIT’s Lincoln 


computer 1s the 


RAMBLINGS ON 
INSTRUMENTATION 


Block that Feedback! 


At a bull-session not long ago one of our 


process instrumentation triends, head of a 


large refiner nstrument dey irtment, made 


in eloquent tatement about the high state 


of instrument maintenance ignorance and 


how thi ignorance holding up th 


ot more co 


ment user Feeling nge of hi pocket 


| 
book wrve one ot our competitor 


ered thi gem Instrument ignorance 


in important feedback, keeping the 2nd 


Industrial Revolution under control 


All too trequent we tend to forget the 


need tor educational help tor that unsung 


hero, the instrument engineer —the mar 


who keeps the blankety-blank equipment 


running, the man who with a bit of string 


iling wire borrowed tube hootleg 


harts and makeshift cam y the street 
ombat i 


battle the hand-to-hand 


1 Industrial R 
lution In th 
Te luc tional | \ will deter 
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equipment wil prohtable 


ment 

{ | 

rontal a 

} roug! their 


Ipgr iding 
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lished organization . . 


CONTROL ENGINEERS 
ELECTRONIC ENGINEERS 





Stimulation, status, security P 
the absorbing challenge of the 


rocket propulsion field, the re- 
wards of professional recognition, 

the stability of a firmly estab- 

. are yours 

at Aerojet-General 





> 
Aerojet offers experienced control 
engineers, electronics engineers 
and recent graduates unparalleled 
opportun.ties on a variety of im- 
portant problems. 
Design and develop infrared 
detection, tracking, and guid- 
ance systems. 
Design and develop missile 
guidance, aircraft search, 
tracking, control, communica- 
tion, and gunsight systems. 
Design magnetic circuits and 
amplifiers and data recording 
and processing equipment. 
Perform electronic simulation 
of control systems using analog 
computers—analysis and syn- 
thesis. 


CORPORATION 
A Subsidiary of AZUSA, CALIFORNIA 
The General Tire Gp: RAMENTO, 
& Rubber Company CALIFORNIA 


Write: Director of Scientific and 
Engineering Personnel, Box 296TT, 
Azusa, Calif. or Box 1947TT, 








Sacramento, Calif 
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DISPLAY CONSOLE FOR SAGE—Guided by this screen's presentation of an ait 
defense situation, the operator manipulates the buttons and switches on the side, which 
cause his tactical decisions to be carried out by the computer. He can also call for more 
data, expand a particular area of his scope picture, and monitor the action of all aircraft. 


Semi-Auto 


tem 


network known as_ th 
matic Ground 
I'he first production model (two ex 
perimental models have been built 
since 1953) is being set up at M 
Guire AB in New Jersey. Eventually 
the country will be ringed by 
units 

Ihe system starts with a radar net 
reaching far out to sea. ‘Telephone or 
UHI radio links the radar equipment 
directly to the high-speed computer 


Environment s\ 


imil iT 


led this information, plus ground ob 
server and weather reports, the com 
puter quickly translates it 
actual picture of the air 
one of several display consok | i¢ 


into an 
situation on 


tical decisions, made by AF personnel, 
are carried out automatically by th 
computer. In the case of an intercept 
ing jet, the computer directly control 
its automatic pilot and guides it to the 
target Mlight plans of friendh 
aircraft are prestored in_ the 
puter’s memory so that no screening 
is required at the radar stations. An 
interesting feature of the 
tion is the battery of mapper consol 


aqgTCa 


com 


input Te 


which screens out unwanted informa 


tion, such as clouds, mountains, et 











coming in from short-range, gap-filler 
radar units 

lo assure uninterrupted perform 
mce, the computer is built in two 
sections, one operative, the other 


tanding by, fully programmed for im 


mediate use. Preventive maintenance 


is carried out without ever stopping 
the equipment. The complete uni 
occupies about 24,000 sq ft, and gen 
crates enough heat to warm 45 hom« 


urrounded by 20-deg temperature 


Some indication of its complexity i 
the fact that it will require over 
month to install the unit at McGuir 


ind another two months to complet 


an accelerated test program 


(for an insight into the latest a 
tivities of one of SAGI prim¢ 
movers, see the paragraph on Dr. Jat 


W. Forrester in Important Moves by 
Key People, 3 


page 1518) 


Companies A-Building 


P An office building +,000 sq ft) for 


the Guided Missiles Div. of Republic 
Aviation Corp. in Mineola, N. Y. In 
this 


two-story tructur which pro 





Republic expands its Missiles Div.: something in the works to overshadow the satellite. 


s’Grauesande’s Stoomwagen 


. . 7 . 
RY aa <" ney . 
M ‘edie ‘ ¥ " i” 4 : a 


s’Gravesande’s Steam Reaction Car 


In 1721 Jacob Willem s'Gravesande of Delft, stimulated by the 
recently enunciated Third Law of Motion, astounded 

the Royal Society by constructing a practical steam reaction car. 
The vehicle actually moved several times its own 

length, a distance of about two meters. 


In 1956 the goal is no longer meters, but hundreds, and even 
thousands, of miles. Aerojet-General Corporation, leader 

in American rocket propulsion for more than a decade, is proud 
to participate in man’s first assault on the frontiers of 

outer space —Project Vanguard. 


> 
meeepe PPYCG MAU. cox r0%1:10» 
A Subsidiary of AZUSA, CALIFORNIA 
The General Tire & Rabber Company SACRAMENTS. CALIFORNIA 


Aerojet-General invites scientists and engineers—men of imagination and 
vision—to join the attack on the most significant research, 
development and production problems of our time. 
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Reliability for the 


heart of your 
electro-hydraulic 
servo control 

















































rypieal 
Sanders high-flow 
servo valve instal. 
lation. 


In the 


control 


development of auromatc 
involving 
Sanders Associates 


maintains a completely equipped ele« 


systems posidion 


velocity or force 
tro-mechanical and hydraulic labora- 
cory devoted to systems engineering 
The hearts of these systems are the 
Boot Strap” 
servo valves designed and built by 
Sanders. From the largest (0-400 GPM) 
to the smallest (0-1 GPM), these valves 


various electro-hydraulic 


can be integrated into any complete sys- 
tem requiring high frequency response, 
reliability and simplified operation 

For both industrial and military ap- 
plication Sanders electro-hydraulic con- 
trol systems have a record for reliable 
performance under extreme environ. 
mental conditions, If you are seeking 
maximum efliciency for similar systems, 
Sanders engineers are glad to contribute 
their experience to your needs Simply 
write to Dept CRY, 

Vital contro! functions performed by 

Sanders Electro-Hydraulic Servo Vaives 
@ Aircraft and missile control systems. 
@ Atomic-powered submarine 


and diving systems 


steering 


@ Anti-aircraft gun systems 

@ Aircraft test facility systems 

@ Rocker and jet engine fuel control 
systems 

@ Widely varied process control 


systems 


*T. M. Sanders Associates 
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Convair builds new home for the Atlas missile: nearly 1 million sq ft tor Astronautics. 


vides twice as much space as the divi 
ion had in Hicksville, N. Y., work i 
that can be 
advanced than the 
itellite” to be 
Recently added 
taff of 120 engineer 
Jacob 


cngimeers, and 


being done on a missile 
considered mor 
much-discussed earth 
launched next year 

to the division’s 
ind 30 shop mechanics are D1 
Zar and John ‘Vorian 
Philip Rountree, head of propulsion 
Zar comes from Thomas A. Edison, 
Inc., and National Radiac, Inc. (h« 
headed the latter company Loran 
from American Bosch Arma Coprp., 
and Rountree from Republic’s Engi 
neering Dept. at Farmingdale, N. Y 





where he had been principal thermo 
dynamicist 

P A new home ($40 million) for Con- 
vair's Atlas intercontinental ballisti 
missile near San Diego. Convair will 
carry the cost of the land, the build 
ings, and equipment 
while the Air Force will furnish sp 
cial equipment 


some of the 
including machine 
Convair-Astro- 
nautics, the plant will consist of a onc 
tory factory building (500,000 sq ft 
two six-story office building 107,000 


ae ft cach), 


tool l'o be known a 


in engineering laboraton 


Busine new 


continue on page )4 





“Inchworm” Holds ‘Tools to Microinch Accuracy 


There are quite a few interesting 
Airborne 


Laboratory's new Inchworm motor, a 


innovations mn Instrument 
machine-tool control device that feeds 

but the most 
application — of 
magnetostnction ittached 
to the nickel armature convert its ex 


in the microinch range 
outstanding is it 
Clamps 


pansions and contractions, induced by 


an electromagnetic field, into forward 
or backward motion, reversing on de 
mand without backlash. Other fea 
tures of this linear actuator: no lead 
SCTeW 


resulting in an improves 
tion of the 
minimum imecrement of slick 
by a factor of 15 through 

“stick slip Ph 


tem spring constant 
motion 
ontrol of 


motor has consist- 





NOW... 


a complete range of 
ee 5. ce > 
RECEPTOR 

ED GERMANIUNM 
DIODES 


that meets the exacting requirements 


of the GOLD standard 





These subminiature glass diodes, general purpose types 
the result of Radio Receptor’s 
controlled gold bonding process, 
are long lived and dependable. 
They include such desirable char- 
acteristics as high conductance, 
low leakage and fast reverse recov- 
ery, all at a low cost that makes 
them practical for every type of 
service. Individually tested in our 
factory, RRceo. gold bonded diodes 
give superior service in the field 
under the most rigorous conditions. 


Production quantities 


available for immediate delivery military types 


Semiconductor Division, RADIO RECEPTOR CO., ING 
240 Wythe Avenue, Brooklyn 11, N. Y 


If your production includes 
computers, receiving equip- 
ment, transistor biasing, 
magnetic amplifiers, modula- 
tors, demodulators, pulse cir- 
cuitry, logic circuitry, meter- 
ing, varistors, or any other cir- 
cuitry requiring diodes, write 
for aur comprehensive new 
catalog today. It includes 
typical characteristic charts and additional informa- 
tion pertaining to our complete line. 


Please send me your new diode catalog No. GOO 


Name 


Company 


Address 


City 


RP Radio and Electronic Products Since 1922 
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WHAT’S NEW 


ALM aa ently repeated to an accuracy of plu force of 300 |b and a ing for 
or minus 0.000,005 in. under machine ibout 200 Ib (Cincinnati Milling M 


load conditions requiring a break-loo chine Co. Flat bed # 


Drasenas 


an outstanding 


improvement in 


DIAL THERMOMETERS 


READABLE p,. 
| Sip, 





Airborne Camera Test Equipment Weighs 35 Ib 


| quipment built to test an airborne plugged into the tem in pla 

camera-control system must exceed in one of the cameras, t] mera nu 

ensitivity the ystem own analo lator’ reacts to comman iven to th 

computer. It’s a tough assignment ystem with instrun t indication 

because what is demanded is nothing rather than shutt licks or lens di 

A less than a “perfect camera But a phragm chang: Light n the te 
\4 perfect camera is just what Bill Jack panel blink each time t mera op 
Scientific Instrument Co. has com crates to indicate that tl tem 1 
aaa up with in a 35-lb test set, now in providing proper pulses to the camera 
' | use in the Air Force’s recently un \ preflight test of the apparatus tal 

’ wrapped camera-control] vstem. WI] from 15 to 30 min 
yal laalel| ” — 
aelllslaclitelal end 


Full 3% Dial Face 


* No Sector 
* No Pinion 
* No Linkage 


* Constant Accuracy 





* Easy Readability 


SAGE Tube Converted to Control Air Traffic 


WRITE FOR BULLETIN 350 


Stromberg-Carlson Div. of General cond, a_ line-may im of th 
Dynamics Corp. is marketing a com urheld is superimp 1 th recen 
mercial version of its “Charactron ind third, the information on th 
PALM FR Shaped Beam ‘Tube, a long-time SAGI creen consists of litera tt ind 
system component. In its commer numbers identifying th ircraft and 
cial attire, Charactron is being pushed giving its altitud in rh 

THERMOMETERS, INC. is an improvement over radar for  clectrons that form tl nformati 
Norwood Ave., Cincinnati 12, Ohi: controlling air trafic. It differs from ir quirted t th n 

me of Industrial Laboratory Recording radar in several important respect through a “cook t 
and Dial Thermometers lirst, the Charactron sereen 1 nn the tube and then mo round the 
bles a conventional I'V tubs reen map to indicate the sh travel 
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@ Manufacturing @@ Manufacturing and product development @@@ Manufacturing. product development and research «OBS Piict manufacturing, product development ang research 


GPE CAPACITIES 


Precision Mechanics, Optical Devices, Ceramies 


: 
3 


; 
| 
; 


; 


Electrical Equipment and Components 


, 


; 


Electronics 


Hydraulics, Liquids Processing, Heat Exchange 


; 
; 
| 
; 


“Television: Studio, Theatre, Business, institutional, industrial 


, 

> 
| 
| 

_ 


+ +—_—_—_++ +——— 
ec3e SO SOO |nstruments, Servos, Controls: Hydraulic, Prewmatic, Magnetic, Electronic 


+ 


| 


+ 


= 
oe @ eee Aircrafiand Missile Guidance, Contro!, Simulation 


+ 
| 
| 
| 
| 


sie 8 
s2338 


‘eee COQ Automatic Computers and Components 


Py . e Radar, Microwave, Ultrasonics 


+ + oe | a | 
ee 00 800 eos. 
Nuclear Power Components and Controls 

oe coo 


Motion Picture and Audio Equipment 


; 
+ 


’ fy 


ose poe SYSTEMS ENGINEERING 


A ~ 


Usrescepe Desh-Sise Ce puter Ashania Electro-jet 
: GPL industrial-institutional TV System Power Package 


Link Aviation Griscom-Russe!! 
F-890 Jet Simulator Shipboard Distilling Piant 


aeaaror! («irc (W)e.vowontn (wer 
Pereriaee Clacton (a)eTROMe Mecte 1 thea 


The GPE Companies are leaders in that small, select group in facilities, and the skills and experience of the more than 
Amencan industry which is broadly qualified to develop and GPE technical men working in depth in the wide range of 
produce the systems needed today for defense and industry advanced capacities indicated in the chart above 

GPE lead« rship accounts for some of the most advanced sy Behind each group working on a specific problem in one 
» of GPE scientists, engi 


tems in use in business, television, aviation, marine, steel, oil, GPE company stands the whol 


and other industrial fields neers and technicians with the answer or the knowledge 
In Systems Engineering, highly advanced capacities and that will find the answer: to questions underlying and related 
resources are prerequisite. Yet, no matter how highly advanced, to that problem. To the customers of GPE Companies thi 
they are of little use if limited to a few areas. Finding optimum means that the concept and development of equipment, com 
solutions to complex systems proble ms calls for balanced com ponents and systems are not restricted or distorted by traditional 
petences. And beyond that, suce calls for the consistent allegiance to specific competenc: 
application of such competences at every stage beginning Ihe five systems illustrated products of different 
with research, and extending all the way through development, GPE companies, are all examples of the consistent application 
production and final testing of balanced competences, achieved through GPE coordination 
No GPE company is limited by the boundaries of its own For brochure describing GPE Coordinated Precision Tech 
specialties. The basic GPE operating policy, GPE Coordinated nology and the work of the GPE Companies, or help on a 
Precision Technology, places at the command of cach company specific problem, write: General Precision E.quipment ¢ orpora 


Gold Street New York 1. 


in the group ill GPE research development ind production tion, 92 


examples of GPE Systems Engineering are described 


on the pages ftoliowing 













a EARFOTT all AVIATION 


DOUGLAS seicers LINK | 


gt 
- ™% 
TO BUILD FIRST DC-8 JET SIMULATOR 





















j 
/ 
l AVIATION [NC 


Fe oe 





DEC NOLOoGiCA rx. 


AERONAUTICAL SYSTEMS 


have made vital contributions to the progress of jet avia 
tion and its expansion into the civil transport field. Many 
have won recognition as the finest in the industry, bench 
marks of American tec hnology. 


Whole generations of airmen, for instance, have 








been trained in flight simulators deve loped ind produc ed 
by Link pioneer of on the-ground flight training. This 
GPE Company has delivered over 800 jet flight simu 
lators—more than all other manufactures put toge ther 
It has just been selected, on the basis of perior tech 
nology and equipment, to produce Ameri first simu 
lators for jet air liners. Link developed DC Computer 
Systems in Link supersonic simulators are the only ones 
meeting the needs of these advanced aircraft 

Equally dominant are the gyro-magneti compass 
ystems of Kearfott, another GPI Company This com 
pany s new lightweight ]-4 ¢ ompass System veighs only 


GENERA L PRECiISsSsio nN 
RPI 





92 GOLD STREET. NEW YORK 38, NEW YORK 


wavy STYLe 


Poss 


Gone: a! Precisson \aboretory im erpor oted 


BENGE MWAH FS 


18 pounds Yet it provides accurate heading informatior tion for which GPE ¢ OmMpane vO in conjunction 
it all latitudes, is rugged enough to maintain its high a vith the Armed Services, are re por cope 
curacy de spite the jolts and speeds of jet flight. The Ain important member of the Group, | outstanding 
Force has just selected it as standard for all new fighte: instruments and equipment for the held ) COPE 
cralt. Kearfott’s N-1 ¢ ompass System has been the na i computers, its highly advanced « nt for photo 
gational standard for Air Force bombers for 5 years reconnaissance work na phot | juipment 
Still another member of the GPE Group, General for the interpretation of photo dat 

Precision Laboratory, has de veloped and is current! nd navigator finder ire all lead 
making quantity deliverie s of the most advanced airborne panies are deeply involved in inert 
navigation systems in use. These GPL systems, whic! missile projects and certain nuclear 
are self-contained and fully automatic, have flown mil In all GPE achievements in t] 


virile vork, G 


' 
I 
play in importas 


lions of operational miles with unprecedented rccul i which the com 


Their idaptations to civilian jet need (GPLs RADA* m Technol | 
Systems—are expected to make equally far reac hing con the wide range of skills and resour 


tributions to the commercial jet transport field—in the operating policy, and each cor inremittin 


way of increased safety, fuel economy passenger conve! stence on highe t quality ie} easons for the fre 


ience and efficient use of limited ais pace quency with which GPI tery ; nt continue 


The e are but some ot the accompli hment im avia to set standards ir thei fic Id 


EQUIP MEN T Gc QORPO RAT i OO 


% 


THE GPE GROUP 
General Pr ion Laboratory In 
ft riott Company, Ine 
Ple ntville In 
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Key Component for Automation... | 
The ASKANIA Jet Pipe Relay 


Modern Controls Demand 


6 

TiN 

eri 
ne noe 

P 





Standard 
Askania 
Jet Pipe 

Regulator 





The ASKANIA Electro- 
Hydraulic Valve Actuator— 
the ‘missing link’’ in elec- 
tronic control—which makes 
electrical operation of the final 
control element a reality for 
the first time. Write for Bul- 
letin #200. 





APPLICATION 

Illustrative of the far-reaching 
potential of hydraulic control appli- 
cations is the ASKANIA non-contact 
edge position control which has been 
successfully used by paper, metal 
and textile industries, to automati- 
cally maintain accurate lateral posi- 
tioning of moving material in wind- 
ing, unwinding and guiding opera- 
tions in various processes where the 
edge of the material must be main- 
tained within limits of as low as 
1/64", Write for Bulletin #161. 


CONTROL 


ENGINEERING 








SPEED « ACCURACY 
HIGH POWER LEVELS « LOW MAINTENANCE 
RELIABILITY 


If you are concerned with automatic controls for production or any 
other function, you'll find the AsKANiA Jet Relay the answer to your 
problem; through the application of HYDRAULIC force it provides the 
speed, accuracy, high power level, low maintenance, and reliability you 
need for top results. 


HOW IT OPERATES: A stream of oil is supplied under pressure to the 
stem of a jet pipe tube which ejects it with high velocity 

Depending on the position of the jet relative to close adjacent receiv- 
ing orifices a pressure differential is created on a double-acting piston 
varying from zero to a maximum in either direction. 


Thus a speed and force proportional to relay displacement results in 
modulated, stable, practically instantaneous control action 


THE JET PIPE RELAY IN HEAVY INDUSTRY 


For a quarter of a century, ASKANIA Jet Relays have been used for 
combustion, pressure, and flow control plus the control of other critical 
operating conditions in steel and coke plants, power stations and other 
heavy industry. They have been used to: 

1 + Increase production 
3 + Save fuel 


2 + Improve and maintain quality 
4 + Reduce maintenance costs 


A NEW ERA... ELECTRO-HYDRAULICS 


ASKANIA’S Electrical Control of the hydraulic jet introduces the very 
important new technology of ELECTRO-HYDRAULICS... combines the versa- 
tility of electronic systems with the flexibility and tremendous, instantaneous 
power of hydraulic force. 

Electro-hydraulic controls can be made to respond through trans- 
ducers to any plant variable or be used as a powerful servo to computer 
output signals (digital or analog). Bulletin #38.1. An excellent example 
is the self-contained AsKANIA Electro-Hydraulic Valve Actuator...a 
successful combination of electric and hydraulic technology 


INFORMATION ON OTHER ASKANIA CONTROLS 
Here are some other useful ASKANIA Controls. Write for the descrip- 


tive bulletins for answers to your specific problems. 


POSITIVE DISPLACEMENT TRANSOMETER—for measuring, controlling, 
and integrating flows of fuel oils, viscous liquids, and other liquids. 
(Bulletin #301) 

POWER PACK REGULATOR—for use as relief or reducing valve; con- 
trol of fluid flows or as remote valve positioner. (Bulletin #165) 

* UNIT REGULATOR—for pressure, flow and ratio control applications. 
(Bulletin #155) 


Write AskANIA Regulator Company, 266 East Ontario St., Chicago 11, III 


ASKANIA recutaror company 


“CONTROLS FOR INDUSTRY’’ 


HYDRAULIC, ELECTRONIC CONTROLS & SERVOS, GENERAL SYSTEMS 
ENGINEERING & COMPUTER SERVICE, VALVE ACTUATORS & CYLINDERS 


A SUBSIDIARY OF} 


GPL ii-TV camera with remote control 
of iris aperture and lens optical focus. 
Vernier control of focus regardless of 
lens focal length. Nylon gear drives 
give quiet, positive action; local con- 
trol of camera also available. 


Mounted for indoor use with remote 
control of pan and tilt, GPL ii-TV 
camera provides 360° camera view- 
ing and 90° tilt. Position accurately 
indicated on control box. 


Outdoor unit; weatherproof under all 
conditions; permits full 360° camera 
viewing, 90° tilt. Heavy-duty remote 
pan and tilt unit equipped with sole- 
noid brakes to prevent drift, regard- 
less of wind velocity. 





GPL’s industrial-institutional closed-circuit TV system 


There's ii-TV closed-circuit equipment to 
fit every industrial “seeing” problem. And 
GPL’s skilled application engineers will be 
glad to help you select the system best suited 
to your need, 

GPL wu-TV is designed, built and engi- 
neered by men who have the highly specialized 
skills required to produce top quality equip- 
ment. Every piece in the ii-7V System reflects 
GPL’s extensive experience in the produc- 
tion of high performance television systems 
to meet the rigid standards of the Armed 
Services and broadcasting studios. 


Investigate the bright, clear picture, 
rugged construction, dependability and all 
around economy of the outstanding GPL 
tt-TV System. Compare—and you'll see that 
nothing is more economical than the best. 





Dangerous processes of any 
kind can be closely controlled 
in complete safety with GPL 
ii-TV. System's remote con- 
trol features are equally 
effective in countless other 
industrial applications. 








For further information, or application engineering assistance, write or contact: 


General Precision Laboratory Incorporated 
Pleasantville, New York 


& BUBBIDIARY OF GENERAL FPRECIGION EQUIPMENT CORFPOR 


SEPTEMBER 1956 4] 





























A SUBSIDIARY 








ok we're specialists 
in telemetering and remote control systems 


for... 
Ascertaining Liquid Levels 
Obtaining Temperature Readings 
Starting Electric Motors 
Opening and Closing Valves 
Monitoring of Equipment 






For almost 40 years, we have con- 
centrated on serving the Petro- 
leum, the Petro-Chemical, and the 
Chemical industries. Now, with 
expanded technical and produc- 
tion facilities, we are offering our 
experience and services to an ever 
widening clientele. Your inquiries 


are invited. 

Sf, Ge. BERKELEY 10, CALIFORNIA 
REPRESENTATIVES. * we 
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ELECTROPHOTOGRAPHIC 
RECORDING 
OSCILLOGRAPH 


ONLY THE REVOLUTIONARY CENTURY ELECTROGRAPH OFFERS THESE FEATURES 


@ Permanent instantaneous oscillograms 

@ Eliminates need for messy liquid chemicals 
@ No darkroom required 

@ Automatic continuous dry processing 

@ View oscillogram while recording 


Century's engineers are the first to accomplish the 
long dreamed-for wedding of photographic re- 
cording and completely automatic dry processing 
to eliminate the need for costly darkroom facilities 
and liquid developing, rinsing and fixing. 

The greatest advancement in the technique of mul- 
ti-channel oscillograph recording in over 20 years, 
the CENTURY ELECTROGRAPH is essentially a 
direct-writing recording oscillograph utilizing the 


Utilizes sensitive light-beam galvanometers 
Up to 24 traces on eight inch paper 

Traces can overlap 

Precision timing lines 

Low power consumption 


RADICALLY new technique of Electrophotography 
combined with light-beam galvanometers. 


NOW investigate CENTURY ELECTROGRAPH—the 
most modern approach to simplified oscillographic 
recording — when planning your instrumentation 
program whether for research, engineering, test, 
quality control, process control, or any other 


analog recording requirement. 


COSTS NO MORE THAN OLD-FASHIONED METHODS 


ae 
a 





Zs Century Electronics & Instruments, Inc. 
1333 NO. UTICA, TULSA, OKLAHOMA 


For further information, call on our neared representative 


EXPORT OFFICE: 149 BROADWAY, NEW YORK CITY — TEL. BARCLAY 7.0562 


TEXAS W OM AREA 
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BIG NEWS FOR COMPUTER AND INDUSTRIAL DESIGN ENGINEERS 
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SILICON UNIJUNCTION 
TRANSISTOR 








New General Electric Silicon Unijunction Transistor 
simplifies circuitry...improves reliability! 





HIS single device, the new G-E Unijunc- 

tion Transistor, does the work of two 
transistors and several other circuit compo- 
nents...reduces circuit complexity, improves 
reliability factors and leads to ultimate 
lower cost. Invented by General Electric and 
developed under Air Force contract, the 
new Unijunction Transistor combines the 
uniformity, stability, and reliability of a 


junction transistor with the desirable char- 
acteristics of point contact transistors. Its 
dependable high-temperature performance is 
commended for missile, electronic switching 
and relay applications. For further informa- 
tion on the Unijunction Transistor, call or 
write: General Electric Co., Semiconductor 
Products Department, Section X9996, 
Electronics Park, Syracuse, New York. 








USING = CONVENTIONAL 
JUNCTION TRANSISTORS 


-—— + 
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TYPICAL BINARY COUNTER TYPICAL BINARY COUNTER 
USING UNIJUNCTION TRANSISTOR 





FREQUENCY CONSTANT 
withn 2 1% O° TO 20° 


UNIJUNCTION TRANSISTOR 
SAWTOOTH OSCILLATOR 3x0 


INPUT 
CHARACTERISTICS 
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Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 


CONTROL ENGINEERING 


ERMETO 


WEATHERHEAD 


First in components 
for HYDRAULIC SYSTEMS 


Look at anything . . . anywhere in the world . . . in 
hydraulics, diesel power or machine tool applications . . . 
equipment for instrumentation, oil drilling, mining, road 
building, petro-chemicals or even atomic power . . . 
chances are the vital air and fluid lifelines are secured 
with WEATHERHEAD. 











S 5s SAE 45° FLARE 
INVERTED FLARE 


Bulk Hose x =— ———— 


COMPRESSION 
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SELFALIGN 


==: —— 


DRAIN COCKS 
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WN WEATHERHEAD WEATHERHEAD 


FIRST IN HYDRAULIC CONNECTIONS The only single-source hydraulic hove 
and fitting line. 


THE WEATHERHEAD CO., FORT WAYNE DIVISION Available coast-to-coast through 


Dept. AC-9, 128 West Washington Bivd., Fort Weyne, indienne * 4.8 
In Canada: The Weatherhead Co., Ltd., St. Thomas, Ontario Weatherhead distributors. 
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Ever had an entire development project 
stalled while mountains of raw test data 
were being processed? Then it’s time to 
take a careful look at CEC’s MilliSADIC 
Systems, today’s most widely used high- 
speed, analog-to-digital data-processing 
equipment. Month in, month out, Milli- 
SADIC Systems —designed, manufactured, 
and installed by CEC’s Systems Division 
are busy breaking data bottlenecks. They 
are saving both dollars and engineering 
man-hours at engine-test facilities, missile 
telemetering stations, and data-processing 
centers everywhere, 

Although custom-engineered for each 
data-processing application, MilliSADIC 
Systems achieve true economy —and un- 
usual dependability—through the use of 
standardized component modules, They 
may be expanded or adapted to new test 
demands with a minimum of equipment 
replacement. Both input and output char- 
acteristics are compatible with standard 
data-acquisition, recording, and processing 
instruments, and the Systems Division can 
supply integrated MilliSADIC Systems, 
complete from transducer to electronic 
digital computer, 


INPUTS 


MilliSADIC Systems accept inputs in the 
form of (1) analog voltages, (2) pulse 
durations, and (3) pulse trains, With the 
use of suitable analog-signal-conditioning 
equipment, a wide range of analog-voltage 
input levels may be handled. MilliSADIC 
Systems are particularly valuable for re- 
duction of data recorded on magnetic tape. 


OUTPUTS 


MilliSADIC Systems are equally flexible 
in their mode of output presentation. In 
general, within the capabilities of the 
analog-to-digital converter (1500 samples 
per second) the nature of the readout de- 
vice determines sampling speed. Output 
may be in the form of punched paper tape, 
magnetic tape, punched cards, or may be 
fed directly to an electronic digital 
computer, such as the ElectroData Cor- 
poration’s “Datatron.” 





from CEC’s Systems Division 
DATA PROCESSING 
MilliSADIC Sysiems... 


high-speed, economical, flexible 


—— 






































For further information write 
for Systems Engineering Bulletin 
| CEC 1304-X33, and Milli- 
SA DIC Bulletin CEC 3003-X3. 


Dynamic 
ae a and Static 
Systems Division Testing 





Consolidated Electrodynamics) Kecironic 


52 CONTROL ENGINEERING 


CORPORATION 


formerly Consolidated Engineering Corporation 
300 North Sierra Madre Villa, Pasadena, California 


SALES AND SERVICE OFFICES IN: Albuquerque, Atlanta, Boston, Buffalo, Chicago, Dallas, Detroit, New York, 
Pasadena, Philadelphia, San Francisco, Seattle, Washington, D, € 


| /nstruments 
| for 

| Measurement 
and Contro/ 





electronic “‘brains’’ 


Do you need to measure and control weight, 
pressure, tension, torque or thrust? You 
can do it best with a Baldwin electronic 
SR-4” system—the system that’s instantane- 
ously responsive, highly accurate, always 
reliable and maintenance-free. 
Easy-to-install Baldwin strain gage type 
transducers are the load-sensing elements. 
They transmit signals to Baldwin indi- 
cators, recorders, controllers, or other 


SEE OUR 
EXHIBIT 
AT THE 
INSTRUMENTS 
SHOW 


qessullé 
x 





for industrial control 


appropriate instrumentation . . . i.e., load 
cell output can also be fed to digital print- 
er or computer, 

Closed-loop SR-4 systems are engineered 
to meet your specific requirements. Find 
out now how these electronic “brains” can 
solve your control problems. For bulletin 
4300, write Dept. 3052, Electronics & In- 
strumentation Division, BLH Corporation, 
Waltham, Massachusetts. 


ELECTRONICS & INSTRUMENTATION DIVISION 
BALDWIN-LIMA-HAMILTON 


DIVISIONS: Austin-Western « Eddystone + Lima « Hamilton e« 
Electronics & instrumentation « Loewy HMydropress « Madsen e« 
Pelton « Standard Steel Works 
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and 
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Ground 


RIGHT NOW... 


Over 100 Epsco high speed reversible voitage- 
to-digital converters are in operation at over 
25 separate commercial and military activities 


throughout the world. 


No other voltage-to-digital conversion equipment presently 
available anywhere will approach the accuracy, conversion speed, 
reliability, long term stability, versatility and simplicity of opera 
tion of the Epsco Model B DATRAC® . regardiess of price! 


MODEL B DATRAC* FEATURES 


ABSOLUTE ACCURACY: 20.05% of full scale +4 
least significant digit 


CONVERSION SPEED: 44,444 independent VD con 
versions per second for an 11 bit binary code 
including sign 


RELIABILITY: Proven field service in excess of 5000 
hours of continuous operation without maintenance 


LONG TERM STABILITY: Within one least significant 
digit for life of the equipment. 


INPUT (V-®D): £10 millivolts to £1000 volts dif 
ferential or single ended. 


OUTPUT (YD): Binary or binary coded decimal 


SIMPLICITY OF OPERATION: No operator adjustments. 
Calibrated automatically to internal standard cell. 


o> \ 
yours? >» GET THE FACTS 
Send for your copy of 
then ay ) detailed specifications 


: 


INCORPORATED 


— d 
588 Commonwealth Avenue, Boston 15, Massachusetts 


West Coast Office: 1722 Westwood Blvd., Los Angeles, Calif. 
BSS #£= Seemew 
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Beckman 
automation 


at the .S.A. show 

















Beckman automation is instruments and systems... that integrate 
the vital functions of production, of business and research... to provide 
management with essential operating data and controls. 


Beckman automation at the 1956 I.S.A. Show reveals the tools for 
sensing, gathering, transmitting, reducing and computing information for 
production control...tools for computation of data for marketing and 
finance and for analysis and measurement in research. This concept of 
automation is symbolized by the two basic loops whose link is manage 
ment, the directive nerve center of the data network. 


It’s automatic control...the reality of today and the promise of the future 


Beckman automation at the LS.A. Show concerns you vitally nou 
It will have even greater significance tomorrow. 


see Beckman automation at thel.S. A. Shou New York Coliseum, 
11th Annual Instrumentation-Autemation New York, N. Y 
Conference and Exhibit (International ) Booths 721 and 821 

September 17-21, 1956 


Beckman: nto ee 


FULLERTON A 
SCIENTIFIC instruments division, Fullerton, Calif. « BERKELEY division, Richmond, Calif. ¢ HELIPOT corporation, Newport Beach,Calif 
SPINCO division, Belmont, Calif.¢ INTERNATIONAL division, Fullerton, Calif 


Our continued growth creates openings for creative engineers. Write for Career Fda No 
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ENGINEERING 


THis is CYPAK 


for more flexible industrial control 


In the flexibility of CyPAK* lies the challenge to throw out me- 
chanical relay limitations and simplify control for more auto- 
mated production. 

For example, CYPAK systems employ just four different com- 
ponent panels. They provide, in the most practical form, the four 
basic logic functions of computer science. With infinite combina- 
tions of these panels you can direct, far more simply, a greater 
range of equipment operations. 

Because the magnetic ‘“‘make and break”’ of CyYPAK circuits has 
no moving parts, it is five times faster than mechanical relays. 
It’s the basic reason for CyPAK flexibility in handling control 
signals. 

In addition, CYPAK systems are designed for physical flexibility. 
A common power channel is the backbone of each system. Into 
it CYpAK elements are plugged in, locked in, and signal terminals 
joined. In this manner, the system is easily expanded or replace- 
ments made after installation. 

Look into all the new opportunities in CyPAK 
by calling your Westinghouse sales engineer. 


Write today for your free copy of The Whys and 
W herefores of CypaK, Booklet B-6584. Westinghouse 
Electric Corporation, 3 Gateway Center, P. O. Box 
868, Pittsburgh 30, Pennsylvania. J-01005 


*Trade-Mark 


WATCH WESTINGHOUSE 


WHERE THE FUTURE /S ALREADY IN PRODUCTION! 








the MIDWESTERN 560B OSCILLOGRAPH ... 


designed and tested to 
withstand shock accelerations 


in excess of 3,000 gravities ... 


See this oscillograph and 
other Midwestern test instru- 
ments and servo components 
at the 
ISA SHOW — Booth 1305 
Sept. 17-21 


other 
midwestern 


This miniaturized 14-channe! oscillograph 


has been subjected to extremely high shock 
products accelerations and by the use of shock-delay 

techniques, has recorded all data associated 
CemOCe. —_ with them. Some of its many features are 
MAGNETIC STRUCTURES 3%” x 50 foot record capacity « * to 8 inches 
GALVANOMETERS per second recording speeds ¢ ability to record 
AMPLIFIERS while subjected to constant accelerations of 


‘ eiiens ew Ty oe alte 
BRIDGE BALANCE UNITS 20 gravities ¢ 5% x 6%* x 7% inches overall 


HYDRAULIC SERVOVALVES 
TORQUE MOTORS 
SERVOAMPLIFIERS 
DATA REPEATERS 


dimensions ¢ operated from 28 volt de power 
sources. 


MIDWESTERN INSTRUMENTS 


41st and Sheridan Road 2 Tulsa, Oklahoma 
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Here’s One Reason Why You Should Know About AMP Terminal: 


AMP meets the requirements of modern business machine and computer manufacturers for reliable, 
miniature wire terminations which can be installed at high speed. As the complexity of circuits and 
number of terminations increases, so must the dependability, efficiency and ease of application 
increase. AMP is constantly working to develop better and better solderless wiring to meet these 


requirements. ©1955 A-MP A-MP Trade-Mark Reg. U.S. Pat. Off. 
Tlave your name puton the IMP martina list to rece 4 aluahle int . lam 


Examples of the advanced thinking that is part of all AMP soideriess wiring devices: 





AMP TAPER PINS (1) and TAPER TAB RECEPTACLES(2) designed to save space and weight in electronic 
circuitry. AMP Pre-Insulated Diamond Grip Terminals (3) eliminate tape and spaghetti and are used extensively 
by every major aircraft producer. AMPLIV AR Splices (4) speed production for mass produced motor windings. 
transformers, etc., using enamel, poly-vinyl acetal or similarly coated wire. AMP FASTON Terminals (5) for ali 
kinds of electrical appliances have revolutionized harness sub-assembly methods. 


AIRCRAFT-MARINE PRODUCTS INC. 
2100 Paxton Street, Harrisburg, Pennsylivania 
IN CANADA: Aircraft-Marine Products of Canada, Ltd. 1764 Avenue Road, Toronto 12, Ontario, Canada 
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PANELLIT, INC 
7461 N. Hamlin Ave., Skokie, Ill. ° PANELLT J 


COrnelia 7-8300 


211 Odd Fellows Bidg 3025 W. Mission Rood Panellit of Canada Ltd mn 
10th & King Sts Alhambra, Calif Toronto 14 P M : 
Wilmington, Del if 


ENGINEERED INFORMATION SYSTEMS FOR INDUSTRY 


PANALOG INFORMATION SYSTEMS 


Panalog tIntormat . 


human 
ting operator 
cnhivzihecrinw ana 
Panalog 
proce 
periodic 
usand variable 
| ind 
ling 
wring ‘ 
of variable 
operating decision 
Panellit furnishe i cor 
l and engineering to | 
Send for literature 


(5-2 ESO 
PANALARM PROCESS ANNUNCIATOR SYSTEMS 


Panalarm Annunciator System he recognized standard in 
the process field, are available in numerous forms to fulfill all 
specihc requirements 

Panalarm Annunciator Systems provide both a visual and 
audible signal when an “off-normal” condition develops. Panalarm 
“50” models provide the most versatile form of annunciation 
available today Fulfill the requirements of every usual process 


application. Send for literature. 








PANELLIT CO-ORDINATED CONTROL PANELS 


Panellit is the largest builder of proce control panel piping: at ndividu eu em i! assure 


Spe alized experience nable Panellit to naxiunm rvie ni] ( Send 
provide valuable eng iv a tar Panellit behind for literature. 


the-panel engineering orporating clear, traceable 


PANELLIT SERVICE CORPORATION—’’PSC” 


Panellit Service Ci 


instrumentatiol 


nghly 


Send for literature. 
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The British Electronics Indus- 
try is making giant strides with 
new developments in a variety 
of fields. Mullard tubes are an 
important contribution to this 
progress. 





Principal Characteristics 


Nominal operating voltage 85V 
Max. starting voltage 125V 
Current range 1-8mA 


Operating Current 4.5mA 


Internal resistance at 4.5mA 290 ohms 


REFERENCE TUBE 


SETS A NEW STANDARD OF STABILITY 


One of the most important reasons for 
British equipment manufacturers’ ready acceptance of the Mullard 85A2 
voltage reference tube is its high degree of stability. After an initial 
ageing period, the tube maintains a short term stability of 0.1°/,, even 
under intermittent switching conditions. Its long term stability is better 
than 0.2%, up to 1000 hours. 

In addition to its stability characteristics, 
the 85A2 has a very close tolerance burning voltage and is free from 
voltage jumps throughout its life. All these factors combine to make the 
85A2 an ideal tube for all voltage reference applications where consistent 
performance is essential. 

Supplies available from Equipment designers requiring com- 
In the USA plete data on this tube are invited to send their enquiries to either of the 
International Electronics companies listed alongside. 

Corporation 

Dept. C9, 81 Spring Street, 

N.Y.12, New York, U.S.A. 


Canada ELECTRONIC TUBES 


Rogers Majestic 
Electronics Limited, Wea thro hout the world 
Dept. LL, 11-19 Brentcliffe Road, / 


Toronto 17, Ontario, Canada. 


MULLARD OVERSEAS LTD., CENTURY HOUSE, SHAFTESBURY AVE., LONDON, ENGLAND 


MULLARD IS THE TRADE MARK OF MULLARD LTD, & IS REGISTERED IN MOST OF THE PRINCIPAL COUNTRIES OF THE WORLD. [Mullard 
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New from Fielden-A System to Convert 
and Transmit Any Process Variable Electrically 


Pneumatic 
Process Controller 


Variables and/or 
ariable Record 


Recorder 


Controller 
Output 
Pressure 


Control 
Valves 


Othe 
Controllers 


Motion Pneumatic 
Equipment 





P-E-P is new from Fielden... the Pneumatic-Elee- 
POWER SUPPLY : 


PRESSURE. a tric-Pneumatic Transmission System that converts 
sexsmive §=710|O0+-——* 


7 eecmice oc came ean all process variables to a direct current for simple 


RESISTANCE transmission, and reconverts to a pneumatic output 


B-racumaic WOZZLE BEAM | 


= 
SPRING g mm 
FAB PIVOT 
g MAGNET 


$_&™ BELLOWS ; low maintenance. Its versatility permits remote meas- 
COIL y} 
INPUT PRESSURE ‘ urement, indication, recording and control 


. all without vacuum tubes or complex circuitry 





| 
1 r Its simple design assures low installed cost, depend- 
J 


able, fail-safe performance, instantaneous response, 








Fielden Modern Instrumentation at its best, the 
U sed with a pneumatic or mechanical transducer, the P-E-P 
P-E-P System balances forces on a flerure mounted : 
beam. Beam unbalance is detected by a pneumatic uses pneumatics asa simple power amplifier and 
nozzle causing variation on a pressure-sensitive elec- error detector instead of using an electronic circuit 
trical resistance. This changes a rebalancing direct It takes the output of 


Transmission System is different because it 


— any suitable pneumatic or 
current which is then transmitted. : : . 
The operation of the P-E-P receiver is similar to mechanical transducer and converts it into a D¢ 
the transmitter shown except that the transmitted cur- signal of 3-15 milliamperes for transmission electri 
rent is received by a magnet coil, the pressure-sensiti ve cally. The receiver converts this DC ignal to pneu- 
resistance is replaced with a pneumatic pilot valve, and aes Gn 
the output pressure is fed back to the bellows to matic pressure of 3-15 PSI for actuating control 
rebalance the beam. valves or other pneumatic equipment 


See Fielden Modern Instrumentation Kober 5 how tult Ov 
at Booth 710-711, ISA Exhibit, 
New York Coliseum, September 17-21 \ YE 


Mr. Controls” FIELDEN INSTRUMENT DIVISION 
2920 N. 4th St., Phila. 33, Pa 


SEPTEMBER 1956 











“System-minded” servo valves 


...for control system requirements 


In its electro-hydraulic servo valves, Dalmo Victor combines reliable 
performance and low cost in a lightweight compact package. They can 
be modified with your system in mind to meet your specifications. 

DV Model 10 Series valves employ the two-stage principle, using low 
level electric signals to actuate a hydraulic amplifier that develops the 
driving forces. With high frequency response these forces position the 
servo valve piston, controlling output flow that is proportional to electric 
input with a high degree of linearity. Response rates of DV servo valves 
cover the full range of aircraft, missile and electronic system requirements. 

For lightweight reliability, the servo valve bodies, covers and end bells 
are machined from high tensile strength aluminum alloy. Valve sleeve 
assemblies and pistons are fabricated from high grade bearing steel, hard- 
ened and temperature cycled to stabilize physical properties. 

Write for technical data sheets on “system-minded” Model 10 Series 
servo valves, or for consultation regarding your hydraulic control system 
problems. 


Engineers: There's challenging design opportunity at 
Dalmo Victer, Write to W. F. Gates, Chief. Engineer. 


DALMO VICTOR COMPANY 


DIVISION OF TEXTRON INC. 
BELMONT, CALIFORNIA 


SALES: New York, Washington, Baltimore, Dayton, St. Louis, Los Angeles 
FIELD SERVICE: Baltimore and Belmont 
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TYPICAL PERFORMANCE DATA 


Size. . «++ 1.75% 2.23 x 3.06 in 
Weight 0.75 ib 
Supply pressure. . 500 to 3,000 psi 
Maximum flow 
(at zero load) 0.1 to 6.0 gpm 
Maximum differential 
current input -8 ma." 
Coil resistance 1,000°/side* 
Coil inductance 1 hy./side* 
Quiescent flow 0.05 to 0.15 gpm 
Hysteresis 0.3 ma 
(max. loop width) 
Threshold =0.1 ma 
Linearity-deviation 5% 


*Coil variations ore available 








Centering adjustment 





Supply port / 


Locating 
dowel pin ~ . Load ports 

















Solve Computer and Automatic Control Problems 


-AT THE CORE! 





—_ design speed, accuracy and reliability into your controls and systems 


—with the added advantages of lightweight, compact size and mainte- 
nance-free operation 


=~ : Ferramic” Magnetic Memories offer electrical and mechanical 
. y “eel superiorities of especial interest to design and project engineer 
, ‘erramic cores, and complete memory planes, by General Ceramics 
: : , open new design horizons in the areas of control for conveyor 
© ' elevators, traffic, te lephone switching, productios ichine 
If your problem involve 
ls, request bulletins on 


itlable 


processing equipment and other system: 
compute rs, switt hing or automatic contro 
Memory Planes. Standard configuratior ire ay 


Ferrami 
pecification, Addre Ly Cl 


special types designed to 


—be su re it’s Ferramics", the exclusive product of the General Ceramics 
Corporation, original developer of the rectangular hysteresis ltoop 


ferrites tor memory systems. 
‘ CERAMICS CORPORATION 
< ’ Toe }S Telephone VA ¥ ¢ EE 
a ee General Offices and Plant: KEASBEY, NEW JERSEY 


Headquarters for STEATITE, ALUMINA, ZIRCON, PORCELAIN SOLDERSEAL TERMINALS ADVAC HIGH TEMPERATURE 
SEALS, CHEMICAL STONEWARE, IMPERVIOUS GRAPHITE, FERRAMIC MAGNETIC CORES. MAGNETIC MEMORY PLANES 
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‘“ “ b 4 » | y 
FREQUENCY 


STANDARDS 








PRECISION FORK UNIT 


| TYPE 50 

Size 1” dia, « 3%" H.* Wght., 4 oz. 
k Frequencies: 240 to 1000 cycles 

“ue Accuracies:— 


Type 50 (+.02% at —65° to 85°C) 

Type R50 (+.002% at 15° to 35°C) 
Double triode and 5 pigtail parts required 

"3%" high 
A400 ~ 1000 ey. 


Output, approx. 5V into 200,000 ohms 


Input, Tube heater voltage and B voltage 


FREQUENCY STANDARD ' 
TYPE 50L 
Size 3%" «2 4%" 2 5%" High 4 
We ight, 2 lbs. | 
Frequencies: 50, 60, 75 or 100 cycles 
Accuracies:— 
Type 50L (+.02% at —65’° to 85°C) 
Type R50L (+.002% at 15° to 35°C) 
Output, 3V into 200,000 ohms 
Input, 150 to 300V, B (6V at .6 amps.) 








PRECISION FORK UNIT 
TYPE 2003 

H.* Waht. 8 oz. 

200 to 4000 cycles 


Size 1%” dia. x 4%” 
Frequencies: 
Accuracies: - 
Type 2003 (+.02% at 65° to 85°C) 
Type R2003 (+.002% at 15° to 35°C) 
*3%4" high Type W2003 (+.005% at —65° to 85°C) 
400 to 500 cy. 
optional 


Double triode and 5 pigtail parts required 
I I I 


Input and output same as Type 50, above 


FREQUENCY STANDARD 
TYPE 2005 


%” High 
, 14 lbe. 


Size 28" & 
Weight 


Frequencies: 50 to 400 cycles 


(Specify) 
+.001% from 20° to 30°C 
10 Watts at 115 Volts 
115V. (50 to 400 cycles) 





Accuracy: 
Output . 
Input, 








FREQUENCY STANDARD 
TYPE 20071 
TRANSISTORIZED 
Size 1%" dia. « 4%" H.* Wght 
240 to 1000 cycles 
Same as 2003, 


7 0z8. 
Frequencies: 


Accuracies:- 


above 


Type 20078—Silicon type 
Input, 28V. 
Output, Multitap, 75 to 100,000 ohms 


*314”" in 2007S, 400 to 800 cycles 


FREQUENCY 
STANDARD 
TYPE 2121A 

Size 
8%" 2 19” panel 
Weight, 25 lbs. 
Output: 115V 
60 cycles, 10 Watt 
Accuracy: 
+.001% from 20° to 30°C 
Input, 115V (50 to 400 cycles) 











FREQUENCY STANDARD 
TYPE: 2001-2 


' Size 3%" 24%" a 6" H., Wght. 26 oz. 
el Frequencies: 200 to 3000 cycles 

f Accuracy: +.001% at 20° to 30°C 

} Output: 5V. at 250,000 ohms 
Heater voltage, 6.3 - 12 - 28 
100 to 300 V., at 5 to 10 ma. 


Input: 
B voltage, 


FREQUENCY 
STANDARD 
TYPE 2111C 

Size, with cover 

10"' 17" 2 9” He 
Panel model 

10” 2 19" « 8%" H. 

Weight, 25 lbs. 

Frequencies: 50 to 1000 cycles 
Accuracy: (+.002% at 15° to 35°C) 
Output: 115V, 75W. Input: 115V, 





50 to 75 cy« le 8. 











ACCESSORY UNITS 


my for TYPE 2001-2 
Pd ol L—For low frequencies 


multi-vibrator type, 40-200 cy. 
D—Fo1 


* low frequencies 
counter type, 40-200 cy. 


H—For high freqs, up to 20 KC, 
M—Power Amplifier, 2W output. 
P —Power supply. 








This organization makes frequency standards 
within a range of 30 to 30,000 cycles. They are 
used extensively by aviation, industry, govern. 
ment departments, armed forces—where maxi- 
mum accuracy and durability are required. 


WHEN REQUESTING INFORMATION 
PLEASE SPECIFY TYPE NUMBER 








AVIICOM CITI MBIItLe Ww eliiior 


it 


580 FIFTH AVENUE, NEW YORK 36, N. Y. 
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GIVES YOU THE MOST VERSATILE 
pyeN. | ae Vile), lem) saa 


Programmer 


_ - Auto Sequent canner 
Prints time and date 

prior to each liquid level 

gauging 


auto 


Calendar ‘Ciock At OF Seve a are 


ycie Timer 
Automatic digital read 
out of minute, hour, day, 5 Remote Tank Selector 
month and year 


Single Wire Pair. 


Card Punch Orders the read-out of 


st pre-set time or 


nterval 


Permanent record of se 
lected gauging for auto 
matic data processing 
equipment 


With Electro-Span Gauging Systems you can control of any number of tanks. Tank levels to 
secure any arrangement of a basic system Va", and averaging temperatures if desired, are 
together with a unique selection of input and displayed on lamp registers 
readout equipment — to meet virtually every re in eddition, oll of the important accessories 
quremem. shown above can be provided to give you the 
The Eectro-Span System is an inexpensive digi most complete tank gauging system available 


tal pulse-code system for the measurement and today 


Write Pacific Division, Bendix Aviation Corp., Department 832, North Hollywood, Calif., for Bul 
letin ES-5A or contact Instruments, Inc., P.O. Box 556, Tulsa, Oklahoma. 


end ix 


PACIFIC DIVISION 


Export—Bendix International: Bendix Aviation Corporation Canadian nputing Devices 


205 £. 42nd St., New York.17 ees adi of Canada. Ltd., P.O. Box 508. Ottawa 4 
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Your industrial Supply 
Distributor will gladly help 
you select the right Ashcroft 
Duragauges for your partic- 
ular needs. You can always 
depend on him for prompt 
service. 







MAXWELL 


il! 


1G 


)  "SHAW-BOx 
~ reine ——— Muskegon, Mich. 
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AND ‘LOAD LIFTER’ CRANES, 





Why does 
the 


MOVEMENT 


in the 
ASHCROFT 
DURAGAUGE 
outperform all 


other types? 


ROTARY GEARED MOTION, the most 
efficient and perfect method of transmitting 
mechanical motion ever developed. Because rotation 
is around a fixed center, pointer position is always 
positive. No other type of movement can ever 
achieve this result. 


Coupled to the movement is a one-piece 
connecting link that guarantees correct calibration 
and prevents slippage or parting under tension 
Accurate recalibration is easy from front or rear 
of the movement. Universal adjustability permits 
the use of uniformly graduated dials, thereby 
facilitating maintenance. 


The Ashcroft Duragauge is available with 
all-stainless-steel movement or stainle teel with 
nylon bearings and pinion gear. There are case 
designs and materials, Bourdon tube materials, 
pressure ranges and dial sizes to meet your service 
conditions exactly. Save time, trouble and money. 
Specify the pressure gauges of highest sustained 
accuracy and durability — Ashcroft Duragauges. 


A product of MANNING, MAXWELL & MOORE, INC. straTForRD, CONNECTICUT 


MAKERS OF ‘AMERICAN’ INDUSTRIAL INSTRUMENTS, ‘CONSOLIDATED’ SAFETY AND RELIEF VALVES, ‘AMERICAN-MICROSEN’ 
INDUSTRIAL ELECTRONIC INSTRUMENTS, Stratford, Conn. ‘HANCOCK’ VALVES, Watertown, Mass. ‘CONSOLIDATED’ SAFETY 
RELIEF VALVES, Tulse, Oklahoma. AIRCRAFT CONTROL PRODUCTS, Danbury & Stratford, Conn. and Inglewood Calif 
‘BUDGIT’ AND ‘LOAD LIFTER’ HOISTS AND OTHER LIFTING SPECIALTIES, 





4h : 
Pe ae 


& 
nin tities 


be : 


. 
ca. 


te 


be 


imi 


~< 


SORENSEN & COMPANY, 
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MA6501 


MA6501 — tubeless 
0.01% regulated DC 
supply; 6 and 2 volt 
outputs. 


ELECTROSTATIC GEN- 
ERATOR for lab or in- 
dustrial high-voltage 
applications. 

. 
MA10005 — tubeless, 
dependable 1000VA 
regulator, ideal for 
unattended installa- 
tions. 











375 FAIRFIELD AVENUE, 


MR3215 5-36 VDC AT 0-15 AMPS 
new, tubeless, magnetic amplifier 


WIDE RANGE REGULATED 
DC POWER SUPPLY 


for versatile, trouble-free performance 
in countless design & test applications 


Different outside . . . and inside! The latest design in 
magnetic amplifier regulation. A silicon diode is used 
as reference element and a transistor amplifier pro- 
vides the control current for the magnetic amplifier 
Wide range, continuously adjustable voltage at high 
current. Regulation +0.5% against line or load,” ripple 
1% RMS. Versatile, dependable, rugged, economical 


*5-32 VDC. regulation +1.0% over extended range 


Write today for detailed specifications, performance data, 
and quotations. 
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Above ia the 2HLA-3 Indicating Amplifier, a product of the Doelcam Division 
of Minneapolis Honeywell, Housing is removed to show chassis-mounted Sola 


Sola 
Type 
CVE 


Type CVE Regulated Power Supply Transformer. Inset | 
characteristic showing linear amplifier outout 


extended-rar 


Sola-Regulated DC Amplifier Provides 
Reliable Measurement of 2x10"°W Signals 


The Doeleam 2HLA-3 DC Indicating Amplifier has 
introduced a standard of performance heretofore un 
attainable in the field of amplification and measurement 
of low level de signals. This precision instrument meas 
ures signals as small as 2 x 10''° watt. High gain, excel 
lent linearity, and negligible drift of the 2HLA-3 are 
unaffected by variations in line voltage or tube 
characteristics 


Contributing to this reliable and stable performance 
of the Doelcam amplifier is its chassis-mounted Sola 
Type CVE Regulated Power Supply Transformer. The 
Sola CVE static-magnetic stabilizer provides a single, 
compact source of plate and filament supply voltages 
regulated within +3%, with input voltage variations of 
100-130 vols. All windings are on the same core, pro 


SOLA «nansronmens 


viding a moderately-priced unit to replace both voltage 
regulating circuit, or component, as well as conventional 
power transformer. 

These Sola transformers are available in three stand 
ard models (+3% regulation); or in special designs 
with regulation of one winding as close as +1°%. They 
have no moving parts or tubes, and are completely auto 
matic, instantaneous, and continuous in operation. In 
addition, they provide self-protection against short cir 
cuit, and require no maintenance. 


Your area representative will be happy to provide you 
with information on the specific benefits of a Sola Type 
CVE Regulated Power Supply Transformer as a com 
ponent in your product. 


Write for Bulletin 261-CV-170D 
SOLA ELECTRIC CO 

4633 W. 16th St 

Chicago 50, Ill 





CONSTANT VOLTAGE TRANSFORMERS © FLUORESCENT LIGHTING BALLASTS © MERCURY VAPOR LIGHTING TRANSFORMERS 
SOLA HLECTRIC CO., 4633 W icage 


‘est 16th Street, 


, Wineis, Bishop 2-1414 © NEW YORK 35; 103 E. 125th St., 


TRofalgar 6-6464 


ee, Commercial Trust Bidg., Rittenhouse 6.4988 @ BOSTON: 272 Centre Street, Newton 58, Mass., Bigelow 4-3354 © CLEVELAND 15; 


1836 Euclid A 


9-943) © SOLA “ELECTRIC (CANADA) LTD., TORONTO 17, ONTARIO: 
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1.6400 © KANSAS CITY 2, MO. 406 W. 34th St., 


Jefferson 4382 @ LOS ANGELES 23; 3138 E. Olympic Bivd., ANgelus 


102 Laird Drive, Mayfair 4554 © Representatives in Other Principal Cities 


mery 


WEIGHING favsTEBmM 


BIN, TANK AND HOPPER EDITION 


Covering design, development and application data on Emery Weighing Systems for industrial applications 


EMERY LOAD CELLS 
NOW CORROSION 
RESISTANT AND 
WEATHER-PROOFED 


In view of the increasing use of Emery 
Load Cells in the chemical and food pro- 
cessing industries, this equipment is now 
coated with a corrosion resistant compound 
and fitted with a plastic “boot’’ for 
weather-proofing. Formerly available as a 
“special’’ this treatment has now been 
made standard for all Emery Load Cells 
used in bin and tank weighing applications 


“TEX-FOAM” RUBBER 
CUSHIONING DEPENDS 
ON EMERY CELLS FOR 
FAULTLESS BATCHING 


At the B. F. Goodrich Sponge Products 
Division, Shelton, Conn., Emery tank 
weighing systems provide the fast,pin-point 
weigh-in of ingredients which insures the 
luxurious comfort of Goodrich ‘’Texfoam’’ 
rubber cushioning 


Wherever precise batching of several 
ingredients is absolutely necessary to pro- 
duct perfection, Emery Weighing Systems 
match wits with production formulas with- 
out a hitch 





A new 12 


NEW BIN AND TANK WEIGHING 
BULLETIN NOW AVAILABLE 


2-page, two color bulletin 


No. 


1 


UNIQUE “ROLLING BALL” CONSTRUCTION 
SOLVES OFF-CENTER LOADING PROBLEMS 


IN TANK WEIGHING 


Every engineer knows that there is 
constant linear expansion, contraction and 
crosswise movement in all metal structures 
such as tanks, bins and hoppers. In the 
accurate weighing of the contents of these 
structures, it is imperative that the weigh- 
ing device be designed to compensate for 
this off-center loading. Any weighing de- 
vice which does not allow for this move- 
ment is not properly designed 


In the Emery Load Cell, a unique 
design feature known as the “‘rolling ball” 
construction permits the tank, bin or 
hopper to expand and contract or to shift 
sideways and, yet, the load is always 
accurately transmitted through the rolling 
ball to the cell. (See Fig. 1) As the ball 
rolls, the center of loading rolls on the 
hardened steel inserts and, the structure of 
the Emery Cell is designed to withstand 
these loads 

The Emery Load Cell is, in effect, 
a transducer which changes load to hy- 
draulic pressure which, in turn, is used to 
actuate indicators, recorders, controllers 
and printing devices. The system is prac- 
tically maintenance-free. (See Fig. 2) 

RANGES: O to 10,000,000 pounds 

ACCURACY: 1/10 of 1 % of range 

RESPONSE: less than 2 second 
DEFLECTION: less than 0.005” 


TANK PIVOTS AND STAY STRUTS 
REDESIGNED TO MATCH NEW 


on bin and tank weighing which 
incorporates a practical series of 
arrangement drawings of Emery 
Weighing Systems in use, hos just 
available for distribution 

One of the most important bul- 
letins to be issued on bin and tank 
weighing thus far, this becomes oa 
veritable handbook on weighing 
systems. Every process engineer and 
every materials handling mon 
should have a copy in his file. Your 
copy is ready for mailing. Send for 
it today 


become 


struts 
weighing applications in conjunc 
tion with Emery Load Cells have =m 
been 
Load Cell dimensions 


resistant 


EMERY LOAD CELL 


The tank pivots 
used in tank 


tank piv 
pla tic 
with th 


and stay 
and bin 


ysture 


redesigned to match the 
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Similarly, the same corrosion 
treatment given the 
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s attention to detail 
in Emery Weighing Systems which 


insures the accuracy 
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Load Cells is now applied to the 


world over 
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THE A. H. EBMERY COMPANY 
Pine Street *« New Canaan, Conn. 
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REDSTONE ARSENAL 
AS our Army's 

key to the 

battlefields 


of the future 





104 





FORD INSTRUMENT COMPANY 
DIVISION OF SPERRY RAND CORPORATION 
31-10 Thomson Avenue, Long Island City 1, New York 
Beverly Hills, Cal ° Dayton, Ohio 





ENGINEERS 
of unusual abilities can find a future at FORD INSTRUMENT COMPANY. Write for information. 


70 CONTROL ENGINEERING 


@ One of eight permanent Ordnance 
Corps arsenals, Redstone is the center 
for the Army's rocket and guided missile 
program. Its 40,000 acres are located on 
the Tennessee River near Huntsville, 
Ala., and house research laboratories 
environmental test « quipment ind sev- 
eral rocket-testing ranges. Redstone 
Arsenal's military and civilian scientists 
and engineers produce weapons ranging 
from a tiny training rocket to the giant 
IRBM, now being developed on a crash 
basis by the recently-established Army 
Ballistic Missile Agency 


From the research, development, pro- 
duction and field service headquarters 
located at Redstone flow thousands of 
directives covering the rocket and 
guided missile work being done by 
research laboratories, universities and 
private industry throughout the nation. 
Weapons systems deve loped by this 
Ordnance-Industry team include the 
Super Bazooka infantry rocket, the 
Honest John artillery rocket, the Con 
poral missile and the Nike anti-aircraft 


missile 


Scientific barriers of all kinds are 
being broken by the 9,000 employees 
of Redstone Arsenal, but the exciting 
and difficult technology of guided mis- 
sile development constantly presents 
new problems. Electronic computers 
click away at missile trajectory formulas 
by day, while at night rockets equipped 
with headlights streak down-range, add 
ing valuable data to our country’s new 


est arsenal of defense 


REDSTONE BALLISTIC MISSILE This long-range 
rocket-powered, bombardment weapon was developed 
by the arsenal’s guided missile team headed by 
Dr. Wernher von Braun. The Redstone is the pro 
genitor of the Army’s IRBM, the Jupiter 


é ? 


tao 


FORD ENGINEER checking voltage and frequency 
accuracy of power supply unit under simulated load 
conditions in a project for the Guided Missile Develop 
ment Division of the Redstone Arsenal 
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RHEEM REL-104 
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VERSATILE — This unit provides 

instrumentation and operational applica- 

tion in the fields of missiles, aircraft, 

laboratory and ground support equipment. 
SUBMINIATURE — This is a building-block type 
instrument designed to meet the requirements of all 
applicable military specifications. 

DESIGN — This unit is designed to amplify 
piezo-electric accelerometer signals and other similar 
low-level signals to sufficient amplitude to modulate a 
sub-carrier oscillator in a telemetering system. 
FEATURES — High input impedance and low output 
impedance with a gain setting of 10 adjustable + or —10%. 


You Can Rely on 


RHEEM MANUFACTURING COMPANY 


GOVERNMENT PRODUCTS DIVISION 


RESEARCH AND DEVELOPMENT LABORATORIES 
ELECTRONICS LABORATORY . . . . 9236 EAST HALL ROAD, DOWNEY, CALIF. 


Other Government Plants in: OOWNEY, CALIF. * SAN PABLO, CALIF. + PHILADELPHIA, PA. * BURLINGTON, NJ. * WASHINGTON, D.C 
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COB TEMPERATURE 


_ 


lf A Temperature Regulator Will Do It, 
Fulton Sylphon Has It 


eC 


Ne. 1100 FULTROL THERMO. Nos. 928-01, £1, Fl & 

STATIC PILOT CONTROLLER TEMPERATURE sour. 
for pneumatic or hydraulic TORS—control of liquid tem- 
control systems. cm POFature in food processes, etc, 








‘ 


anny | 
+1) 3 


No. 999-1 TEMPERATURE No, 999 TEMPERATURE REG- 
REGULATOR for process ULATOR.for liquids, po 
control, woter heaters, etc. 9080s in industrial processes, ete, 













Ne. 923-0 TEMPERATURE No.926 TEMPERATURE REG- 
REGULATOR — quick adjusting ULATOR— safety type for en- 
type for process control, ete, ines, process control, etc. 




























Process unit, pilot plant, laboratory, or wash 
room— Fulton Sylphon has the right solution 
to your temperature regulator problems—a 
solution that gives you two exclusive advan 
tages at no extra cost 

UNMATCHED SERVICE — Fulton Sylphon service 
can save you headaches and money. It’s the 
kind of competent, responsible engineering 
advice and follow-through that only more 
than 50 years’ experience can make possible 
What's more, a nationwide network of Fulton 
Sylphon offices makes this engineering service 
available practically in your backyard 

THE RIGHT REGULATOR—The widest line of 
temperature regulators anywhere assures you 
of the right control at lowest cost. No matter 
which regulator is best for you, you can be 
sure of the same dependable performance 
Fulton Sylphon itself makes all components, 
and is acknowledged to be the leader in 
bellows— the heart of every Sy!phon regulator 





992.0 BELLOWS CON. No. 992 PRESSURE REG.- 
VLATOR 









Ne, 1620 FLOAT VALVE 
for liquid level control. 
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HEADQUARTERS, us.4 


Am (Zl Robertshaw-Fulton Controls Co. 
AN ie ow FULTON SYLPHON DIVISION 
a 


Knoxville |, Tenn. 
CONTROLS COMPANY 


Please send me Catalog RW-D 


- FULTON SYLPHON DIVISION —_ 


EE 
Knoxville 1, Tenn. a 





cry ae — ee 8 AT 
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is finding its 


A partial list of firms and government 
agencies with Ampex FR-200s 


received or on order 


Eastman Kodak Co. Giannini Datex Division 


Mountain Systems, Inc. J. B. Rea Co. 


Convair National Bureau of Standards 


Department of Defense North American Aviation 


Stewart-Warner Corp. Northrup Aircraft Co. 


Electronic Engineering Corporation of California 


U.S. Navy 


Electronic Controls Systems, Inc. 


Philco Corp. University of Michigan 


District Offices: Atlanta, Chicago, Doll 
Dayton, Los Angeles, Montclaw, New Jersey 
(New York Area), Redwood City, Silver Spring 
Maryland (Washington D.C. Area) 
Distribvters: Technical Apporatus Co., Boston 
Ampex American in Canada 


AMPEX’s NEW 


DIGITAL 


MAGNETIC TAPE 
TRANSPORT 





AMPEX 


place in a hurry 


In the few months since the Ampex FR-200 was first an- 
nounced, it has been ordered by a long list of companies and 
government agencies active in automatic data reduction, elec- 
tronic data-processing systems, machine-tool control and com- 
puter-associated equipment. 


In the FR-200 Ampex promised a number of benefits. Most 
important are these: Ampex-to-Ampex tape interchangeability 
(at no extra cost), simple straight-line tape threading, start 
and stop times consistently less than 5 milliseconds—and above 
all, the kind of reliability and durability that has made Ampex 
the leader in magnetic tape instrumentation. Soon after one- 
to-a-customer delivery of the first production FR-200s, Ampex 
began receiving quantity reorders. 


Standard version shown in the photo above is a 7-track 
transport accommodating %-inch tape, operating at 

15 and 30 in/sec. tape speed, and using 10%-inch 
reels; price is $2675, Other tape speeds up to 

60 in/sec., other tape widths and various accessories 
are being furnished on special order. 


FR-200 literature with complete feature 
description and specifications is available by writing Dept. HH-2930 


FIRST IN MAGNETIC TAPE INSTRUMENTATION 








CORPORATION 





934 Charter Street +» Redwood City, California 
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s «For Accurate, Reliable = 
Temperature Controt : 


STACON V SERIES 
Self Operating Temperature Regulators — 


Feature a liquid filled thermal system for high operating power and 
uniform throttling action and has built-in over-load protection, Avail 
able in 50°F. and 100°F. ranges from 25° to 325°F. Direct and 
reverse acting units ¥%4" to 1," with screwed ends, and 2” to 4” 
with flanged ends. Bulletin No. 500. (Cash Standard Stacon Corp.) 


STACON TYPE VS 
Temperature Safety Regulators — 


Used in the supply steam or gas line and will protect a process by 
snapping shut when the process temperature goes above a desired 
temperature level. Easily adjustable and remains closed until manually 
reset. Available in sizes from ¥," to 1%” with screwed ends. (Cash 
Standard Stacon Corp.) 


CASH STANDARD TYPE 51 
Indicating Controllers — 


An air operated, mercury actuated proportional temperature controller 
Temperature ranges from —40°F. to 1000°F. Calibrated set point 
adjustment, unit construction, air relay with sapphire orifice and push 
button cleaner, feedback type proportional control with 1-100%, band 
and differential gap. Also available with 1-150%, proportional band 
combined with automatic reset action. Bulletin No. 978. [A. W. Cash Co ) 


CASH STANDARD TYPE 30 
Diaphragm Control Valve (With Type 51 Mounted) 


A rugged, dependable control valve—available in sizes Y," to 12” 
with various styles of inner valves—reverse or direct acting Accurate 
control is assured when the Type 30 is used with 51 or 57 controllers, 
valve mounted as illustrated, or where the controller is installed re 
motely. Bulletin No. 980. (A. W. Cash Co.) 


CASH STANDARD TYPE 57 
Recording Controllers — 


An air operated temperature controller with mercury, vapor, gas or 
organic liquid actuation. Tempercture ranges from —350°F. to 1200°F 
Available in 9” and 12” case size, spring or electric driven chart 
drive, on-off control or 1-100% proportional control 


All units have push button nozzle cleaner; proportional controllers also 
have sapphire jewelled relay orifice with push button cleaner. Bulletin 


No. 979. (A. W. Cash Co.) 


WHAT'S YOUR TEMPERATURE CONTROL PROBLEM? 


e sure to see our exhibit at the 
Instrumentation-Automation Conference, Sept. 17-21 
BOOTH 1204 
or write Dept. F for additional information 


S TANIDARD 


A. W. Cash Co. and Its Subsidiary, Cash Standard Stacon Corp. 
P. O. Box 551, Decatur, Ill. 


PRESSURE HYTORAULIC TEMPERATURE PROCESS AND COMBUSTION CONTROLS 
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there’s a 


CEC instrument 
for your data- 


Small problem, like tracking down vibration in a 
tractor seat? Or big problem, such as flight testing 
a new intercontinental bomber? Whatever your test- 
ing problem, count on CEC for your data-record- 
ing instrumentation. Consolidated offers 
the one complete line of data-recording 
instruments and systems... and its scope 
and versatility have never been matched. 

Use any CEC oscillograph with any CEC 
amplifier or bridge balance. All are com- 
patible ...no modifications are required. 
Keystone of this flexibility is CEC’s 7-300 
Galvanometer (right), the “design nu- 
cleus” for all CEC analog data-processing 
instruments. Extremely stable .. . rugged 

. available in a wide range of character- 
istics (e.g. response from 0 to 3000 cps), 
it brings laboratory accuracy to on-the-spot 
oscillograph recording. 


NATION-WIDE SERVICE 


. , an important ingredient of all CEC instruments 
is an intangible ... SERVICE. Experienced, fac- 
tory-trained service engineers stationed at CEC 
field offices throughout the United States are avail- 
able for both emergency repairs and regularly 
scheduled maintenance calls. They are your assur- 
ance of uninterrupted test programs, regardless of 
where you are located. 











(shown above)... allows 
direct coupling of recording oscillograph to as many as 8 
channels of strain gages or other resistive-type pickups. 
Each channe! has separate balancing and input excitation- 
voltage adjustments, and a selector switch provides a se- 
quence of 10 built-in calibration-signal values. 


between oscillograph and strain gages or resistance-type 
pickups. Contains controls for balancing and adjusting 
d-c voltage across each channel and provision for connect- 
ing an external calibration resistor. 





For a more detailed resumé of 
CEC's analog data-recording instru- 
ment line, send today for your copy 
of Bulletin CEC 1301-X 19. ELECTRONIC INSTRUMENTS 
FOR MEASUREMENT INT AND CONTROL 


> 
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from 6 to 50 channels... 


,-- an excellent general- -.- fecords up to 6 chan- 
ard oscillograph of the world” .. . the purpose oscillograph offered with nels of data without amplifiers at fre- 
most widely used, most versatile instru- 14 data channels. Records on S-inch- quencies to 200 cps (with amplifiers, 
ment of its type in existence. Records wide paper or film at 10 speeds to 3000 cps). Uses 70-mm by 100-ft. 
either 18 or 26 traces on 7” paper or from %” to 100” per second. paper or film, driven %4” to 24”/sec- 
film. High-speed accessory magazines Automatic record numbering, ond, Timing lives appear every 1/100 
permit record speeds as high as 500” 1/100-second timing lines, easy- second, A new high in flexibility, a new 
per second ... records as long as 250 load magazine and trace identifi- low in cost, the 5-117 fills the gap be- 
ft. or 600 ft. Can be used anywhere... cation. Rugged enough for the most —_ tween pen-type recorders and advanced 
in laboratories, in vehicles or in flight. extreme environmental conditions. oscillograph/amplifier systems. 


for any test condition 


(shown stacked, top right)...com- 
pangs self-contained, 4-channel, 20-KC unit usable with either resistance 
pickups. Its outstanding frequency response .. . flat 

from $2 0000 aoa . makes it ideal for blast and rocket studies. 


..-one of the most usefu! of all amplifier systems, accommo- 

dating up to 12 channels of interchangeable 3-KC carrier and 5-5000 

cps linear/integrating plug-in amplifiers. Usable with self-generating and 
modulation-type pickups in laboratory, mobile or flight testing. 


(shown center, right)... 4-channel, 
3-KC, economical self-contained unit for strain-gage work from 0 to 600 
cps. Unusually convenient control and calibration provisions. 


.-» CEC offers a number of power supplies designed 
to increase the flexibility of its amplifiers and oscillographs. Models are 
available for conversion of 26 volts d-c to 115 volts a-c... 115 volts a-c 
to 26 volts d-c .. .and 400-cycle a-c to 26 volts d-c (shown bottom, right) 
... Other power supplies are offered for supplying closely regulated exci- 
tation voltage to strain gages and other resistance-type pickups. 


formerly Consolidated Engineering Corporation 


300 North Sierra Madre Villa, Pasadena, California—SaLES AND SERVICE OPFICES IN: Albuquerque, Atlanta, 
Boston, Buffalo, Chicago, Dallas, Detroit, New York, Pasadena, Philadelphia, San Francisco, Seattle, Washington, D.C. 
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PeB answers newest jet bomber relay need 


puts big performance in tiny package 


Modern supersonic aircraft call for an 
entirely new concept of relay perform 
ance and miniaturization. Vital relays 
must have incredible sensitivity ... mul 
tiplicity of action ... unquestioned reli 
ability. And they must be smaller than 
ever before! 


Yet P&B has engineered and produced 
a relay for the world’s most spectacular 
jet bomber, now in experimental pro 
duction, that meets all these demands, 


Though details of application are re- 


stricted, we can tell you this. The new 
P&B unit is really 19 individual relays 
in one 6” x 6" x 5” package that actually 
outperforms a pret ious unit nine times 
the size! 


Your relay requirements may not be 
those of a jet bomber. But whatever 
your problem or application, “stand 
ard” or spec ial, you can be sure you too 
will find the answer with the relay 
leader... P&B. 


Witte for your new Engineering Guide today. 


=P Rtter sP- 


PRINCETON, INDIANA 


4 eo b abt 


Hermetically sealed 6” x 6” x 5” relay 
unit adds to P&B’s more than 20,000 
relay design variations 


Subsidiory of AMERICAN MACHINE & FOUNDRY COMPANY 
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GUARANTEED CHARACTERISTICS 


2 a = —$—$_—_—7 


CHARACTERISTIC VALUE 


CONDITION 


— — ’ 4 ‘ 
ima, ! nd \ 07 V. MAX 
4 I nM ' 010V MAX 


5 ma 


h,, (COMMON EMIT 
CURRENT GAIN) 
‘ (COMMON BASE 
OUTPUT CAPACITY 


L,, (COLLECTOR ¢ 
CURRENT) 


I EMITTER CUTOFF | Vv »V 


MAXIMUM RATINGS 


1. = —15ma P 10mw 


(a 40°C, 





PULSE RESPONSE 


h.—212A 
~ 4 







Scope 


680 


Tektronix 





lype 541 


1; Test Conditions: V,, 1s set to 


6V and pulse input 
adjusted until transistor 4 


just in saturation V__ is then 
lowered to —1 5V for satu 
hole 


rated pulse curve t 


storage time 


COLLECTOR 

CHARACTERISTIC 

IN SATURATION 
REGION 


INPUT 
CHARACTERISTIC 








PHILCO 


SBT *2N240 


HIGH SPEED SWITCHING TRANSISTOR 


with response time in 
millimicrosecond range 


PNP Germanium 
Surface Barrier 
Type 


*Trade mark of 
Philco Corporation 


FEATURES 


@ Low saturation resistance 
@ Low saturation voltage 


@ Ideal electrical characteristics for direct 
coupled circuitry 


© Extremely fast rise and fall time 
@ Absolute hermetic seal 


+ 
Available now in production quantities 


Provet erforr f 
en performance of the Philco Surface Barrier Tran. 


istor has ma ! 


| 
and commercial c« 
i ymputers where speed 
} 1 ati 


¢ it the f 
! he basis for de ign of both military 
/ 


reliability 


/ 
icTation Al now 
ANG tow this ransistor 


goes even farther by 


are the major consi 
| 
i¢ performance in 


20 megacycle switching 


Make Philco “nr pr 
) / “rce of information 


j 
J r high peed ¢ miputer tras f bl, 
transistor applications 


j 


Write to Dept. CE, Lansdale Tube Company Division, Lansdale Pa. 


PHILCO CORPORATION 


LANSDALE TUBE COMPANY DIVISION 
LANSDALE, PENNSYLVANIA 


How to simplify 
control problems 


Keep systems flexible, carry small 
inventory, cut maintenance cost with 
the Bailey Building Block Method 
of instrumentation and control. 


What is the Bailey Building Block Method? It’s using stand- 
ardized Bailey measuring, transmitting, and controlling 
components and combining them into any system you need. 
Components can be added as needed . . . removed and reused 
elsewhere . . . recombined into another system when the 
need changes. It’s flexibility plus! 


It’s all based on the simple fact that a Bailey instrument or 
control component doesn’t care if the measured variable is 
steam flow, tank level, or tower temperature, to pick just 
three examples. System components— transmitters, receivers, 
relays, selector stations, power units—are standardized for 
multi-purpose use. 


A spare component ean be used inany one of many systems. 
Gone are delays waiting for shipments of special parts. Gone 
are large inventories of spares and parts, Simplified is the 


training of men for maintenance. 
RECEIVER 
Phere are many exclusive features and advantages of the in- 


dividual components used in the Bailey Building Block Meth- 
od, And there's much more to the Building Block story itself. 
for further details, call our local district office or write us at 
Cleveland, Our engineers will be glad to prove how the Build- 
ing Block approach will save you money and simplify your 
instrument and control problems. 


CONTROL RELAY SELECTOR STATION POWER UNIT 


BAILEY METER COMPANY 


1079 IVANHOE ROAD, CLEVELAND 10, OHIO 
in Canada — Bailey Meter Company Limited, Montreal 





RESULTS IN: FLEXIBILITY, SIMPLICITY, ECONOMY 
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NOW AVAILABLE... 


the 


ef 


~ 
@ The only rotary switch 
with seal bended te BOTH 
shaft and case! 


@ Leakage rate LESS than 
1 micron/cu. f./hour! 
Full rating te 70,000 ft. 


fixed actueting arms. 
@ Full travel of 120°. 


©@ Drawn steel case .. . 2+ 
bolt rigid mounting! 


SPECIFICATIONS 
ELECTRICAL RATING 


Min. Electrical Cycles 


1 in.4tb. (Approx.) 
3 in.-b. (Approx.) 


Difference in ating and Reset Point 
Between tach Pele” 0° —W Max. 


Ambient Temperature Range ~100 Fito + 250F 
(Higher Temperetures Available) 


CONTACT ARRANGEMENTS 
= —, —— _ Sa 


— = 


—- _ 


Double-Pole, 





























© Choice of adjustable or ~~ 





hermetically-sealed rotary switch 


WITH 


POSITIVE 
SHAFT SEAL! 


Specify ELECTRO-SNAP H10-7 for the 
only rotary switch that is positively 
hermetically sealed — not merely equipped 
with a tight-fitting packing around the shaft. 
The H10-7 seal is bonded to both shoft 
and case, which is evacuated and pressure filled 
with a dry inert gas. Repeated actuations 
will not loosen the rigid 2-bolt mounting, and 
the splined shaft will not permit slipping 
of the actuator arm. 


Simultaneous make-and-break (regardless of 
speed of the actuator travel) of up to 4 
separate circuits permits reversing of 3-phase 
motors, substitution for expensive relays, etc. 
Designers can make excellent use of this 
electrical versatility and freedom from environ- 
mental worries. Obtain more information 

on the H10-7 by writing direct to: 


ELECTRO-SNAP 
SWITCH & MFG. CO. 
4248 W.LAKEST. © CHICAGO 24, ILL 
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AT THE I.S.A. SHOW 


Trans-Scan-Log Control System ! 


AKE the Taylor booths your headquarters for 
scanning and logging at this year’s ISA Show. 
You will see an actual working model of the TSL Sys- 
tem... the soundest and the most logical integration 
of process control with process scanning and logging 


yet devised ... a boon to advanced systems engineering. 


The Taylor system goes far beyond today's practices. 
It is, in essence, a very compact intelligence center 
which coordinates all related process data, enabling 
the operator to instantly visualize, evaluate and act 
upon every processing irregularity as it occurs—with- 
out leaving his desk in front of the panel. In addition, it 
em.>'~«s the most modern techniques in scanning and 
logging. Thus the project engineer can observe the 
entire plant operation more efficiently than ever before. 
As well as furthering automation in plant operation, 


the TSL System is a research tool in collecting data 


on existing units. It can provide accounting or market- 





Graphic Panel —A normal 20-foot graphic panel can easily be 
compressed into a 5-foot section because space is not required 
for receivers. Flow lines and symbols can be modified quite 
simply for process changes. Station identifications are illumi- 
nated, also digital readout of time, value and station for on- 
demand or off-normal. (Off-normal alarm also audible). Point 
scanning is continuous at the rate of one per second. Scheduled 
point logging can be set as required. 


ing departments with production data as it is accumu- 


lated, either on punch cards or tape. 


The complete system takes approximately 60% of the 
space normally required by a standard graphic panel 
without scanning and logging. Because of this com- 
pactness one operator can identify and correct any 
off-normal condition, as well as having a continuous 
trend record, It is highly dependable, because the 
Taylor system makes it possible to use simpler, less 


expensive units. 


Nearly two hundred process engineers trom all over 
the country have already visited Rochester to see this 
advanced equipment demonstrated. If you are unable 
to visit the ISA Show your Taylor Field Engineer will 
be glad to make the necessary arrangements for you 
to see the TLS system in operation. Meanwhile, write 
for Bulletin 98268. Taylor Instrument Companies, 
Rochester, N. Y., and Toronto, Canada 


SOCCCCECS 


ai cola 


Process Control Panel—Note plug-in LT KANSE!” pneumatic con 
trol stations, complete with automatic to manual switching 
Recorders and indicators are easily interchangeable. All in 
ternal connections are completed, ready for held hook-up 
Station identification lights give visual tie-in with graphi« 
panel. Convenient electrical and pneumatic plug jacks are 
provided to record trends of any non-controlled variables 
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VERSATILE 29 SERVOS 


SIZES 10, 11,16,18 + ONLY SIZE 10 1S ILLUSTRATED 
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¢ Can be wound for high or low impedances. e —65°C to +150°C ambient temperature range 
* Designed for use with transistorized or vacuum No warm-up required at low temperature 
tube servo amplifiers. * Sizes 10 and 11 available with 2 or 6 pole windings 
¢ Control phase can be center tapped. * Sizes 15 and 18 available with 2, 4 or 8 pole windings. 
* Maximum torque-to-inertia ratio provided by * Servo can be wound to operate on any specified 
minimum air gap construction. voltage between 18 and 300 volts. 
© A3 gm.—cm.’ rotor inertia. (For illustrated unit only.) * Most sizes available in 400 or 60 cycle input voltage. 


SERVO with Exclusive 
INSTANT-STOPPING 
DC BRAKE 





* 02 sec. stopping time without external loading. * 1000 hours life at 75°C; 100 hours at 125°C 
* 12,000 radians per sec.’ theoretical acceleration. * 27 volt DC brake excitation. 
* 18 gm.—cm.’ rotor inertia, (For illustrated unit only.) 


cpt coca 6 
SERVO-GEAR-TRAIN ee, 


GEAR.TRAIN 


el -—<—— = = ee ee ee ee ee ee ee me ee ee ee ee ee 


¢ Precision gear train, 30 min. max. backlash. e¢ 25 in.—oz. max. operating load torque. 75 in.—oz 
* 1:1 to 4000:1 gear ratios. Higher ratios on special order. max. momentary load torque will not damage 
¢ Exclusive DC brake may be added. gear-train. 





* Drag cup or squirrel cage type generator. ¢ 2 gm.—cm.’ min. rotor inertia of smallest units 
¢ Minimum null voltages as low as 12 millivolts. ¢ Exclusive DC brake may be added. 


SERVO -TACH -GENERATOR- 


| GEAR-TRAIN 


- ee | 


,ENERATOR 





Combination of servo, gear train and tach. generator to your 
specific requirement. Exclusive DC brake may be added. 


Units can be built to meet 15 day humidity test of ings to your specifications. Write today for further 
MIL-E-5272A. Flange, face or synchro type mount- information, stating requirements. 





Other products include actuators, synchros, AC 


- T ° 
drive motors, servo mechanism assemblies, DC BARSCASCTURINS SO 


motors, motor-gear-trains, fast response resolvers, Your Rotating Equipment Specialist s 
servo torque units, reference and tachometer gen- Avientc Division 
erators, synchro indicators and motor driven blower Racine, Wisconsin 


and fan assemblies. 
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To serve the needs of the systems 
field more effectively, Daystrom, 
Inc. announces the formation of a 
new Systems Division at La Jolla, 


DAYSTROM’S California, which will coordinate 


the experience and background of 


SYSTEMS all other Daystrom companies 


The Systems Division will call upon 

DIVISION the combined efforts and resources 
of Daystrom’s engineers, physicists, 
production experts and administra- 
tors 


The Division will integrate the 

information and techniques from 

; : many fields—electronic, electrical, 
designs, builds. optical, hydraulic, pneumatic and 
5 : mechanical—and take full advan 
tests a nd installs tage of Daystrom’s experience with 
controllers, servo-mechanisms, air 

craft systems, instrument mecha 

nisms, memory devices, magnetics, 

gyros, computers, telemetering 


equipment, digital systems and 


COMPLETE special systems 
Daystrom is now prepared to pro- 


SYSTEMS vide total responsibilities for com- 


pletely-engineered systems for both 
industry and the military 


and trains the men 


to operate them. 


DAW TROM, Inc. 


Hlizebeth, N. J. 


Daystrom Electric Corporation e Daystrom Instrument Division e Daystrom 

Internationa! Division e Daystrom Nuclear Division e Daystrom Pacific 

Corporation e Daystrom Systems Division e Heath Company e Weston 
Electrical instrument Corporation e Daystrom Furniture Division 
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We asked Servo Engineers what they needed 
For testing 
Servo Systems in: 


missile guidance systems 
aircraft control systems 


machine tool control 
material handling systems 
automation systems 


autopilots 





SERVOS ANALYZER 


INICS COMPANY 


This new amplifier, coupled to a Brush direct-writing oscillograph, provides a 
package unit to record performance of any servo system operating in the carrier 
frequency range of 50 to 10,000 cps. It offers performance features available 
for the first time—features requested by leading Servo Engineers in a survey 
made by Brush application specialists. 


EXCLUSIVE FEATURES 


Exceptional frequency response... on a 400-cycle carrier, 1 db down at 
100 cycles. On a 60-cycle carrier, 1 db down at 4 cycles, 3 db down at 7 cycles. 


Flexibility... a high impedance input permits use in either single-ended or 
balanced operation. Error signal is isolated from the reference signal. In addi- 
tion, pen drive d.c. amplifier section can be used as a separate unit. 


High accuracy .. . phase-shift compensated attenuator permits holding phase 
shift to negligible amounts. Phase shifter with calibrated dial permits determin- 
ing phase shift between error and reference signals within 1 degree. 


The Brush Servo Analyzer system permits complete servo operation testing and 
trouble-shooting. Immediately available records aid in: synchronizing signals, 
measuring feedback signals, carrier phase measurements, checking angular dif- 
ference, measuring voltage magnitude and wave shape, etc. Ask your Brush 
representative for complete information on the Model BL-560, or write Brush 
Electronics Company, Dept. N-9, 3405 Perkins Avenue, Cleveland 14, Ohio 





BRUSH) COMPANY 


GIviISION OF 


CLEVITE 


CLecTROmICS coneoeston 


3406 Perkins Avenue, Cleveland 14, Onio 
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in test instrumentation...then we designed the 


NTEO IN UDA 


a& Twochannel recording of test of servo control 
system. Up to six channels of information can be 
recorded if desired. 


Mobile instrument cart carries complete gear > 
for servo testing, consists of two amplifiers and 
dual channel oscillograph. Equipment can also be 
mounted in racks or consoles 


— 
=] SYNCHRO 


TRANSFORMER 
PILOT 


CON 
| & ; CONTROL 
| SYNCHRO TRANSMITTER | SURFACE 








ERROR SIGNAL 


l. BRUSH 
SERVO 


ANALYZER 








REFERENCE 
SIGNAL 














Checking error signal on typical aircraft con- 
trol system with the Brush Analyzer System. 
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Now Leslie brings you this New , 
| NO MAINTENANCE * Reducing Valve © 














HERE IS AN AMAZINGLY SIMPLE air loaded, diaphragm 
operated, pressure reducing valve that is virtually 
maintenance-free for steam heat or process steam 
application. 
























Only two moving parts and no seals, no stuffing boxes, 
no small dirt-catching parts — practically nothing can 
get out of order! And a stainless steel hardened main 
valve with highly polished finish minimizes wear. 
This new Leslie valve instantly feels the effect of any 
flow change and responds to changes as small as 0.1 psi. 
It can be adjusted easily from minimum to maximum 
of reduced pressure range from a remote point, even a 
thousand or more feet away. 

"ane tar Ts a This valve is used in steam process and heating lines. 
This shows simplicity of Leslie And, its uses are unlimited for any steam reductions 
Class G-] pressure reducing valve. within body material limits (250 psi, 450°F). 

Ask your Leslie engineer to tell you more about this 
amazing valve. He’s listed in your classified directory 
under “Valves” or “Regulators”. 






















et 





*guaranteed no maintenance for 3 years. 
Send for Bulletin 561 today. 


|ESLI ) REGULATORS No CONTROLLERS 


LESLIE CO., 211 GRANT AVENUE, LYNDHURST, NEW JERSEY 





CONTROLLED QUALITY MEANS QUALITY CONTROLS 
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growing line of 


CBS 


semiconductors 
features uniformity 


and reliability 


Users rate the rapidly expanding line of 
CBS semiconductors as ‘exceptionally 
uniform and reliable.’’ They have also 
discovered that CBS’ mass production 
insures dependable delivery and com 
petitive prices. You, too, will prefer ad 
vance-engineered CBS semiconductors 
Write for data and quotation on the 


types you need. 


Power Transistors Popular auto-radio typ: 
2N155. General-purpose 2N156 (12-volt) and 
2N158 (28-volt). And new higher-power and 
higher-voltage versions for larger audio output 


systems and power supplic 


High-Frequency Transistors Uniform and 
reliable performance up to “> me CBS 
2N 182, 2N183, 2N184 are NPN symmetrical, 


permitting unusual application 


Ceneral-Purpose Transistors CBS 2N180 
and 2N181 are noted for outstanding depend 
ability. Integral C-clamp mounting of 2N181 


permits dissipation up to 200 mw 


Diodes A complete line from one source 
Glass oe plastic point contact bonded 
junction entertainment general 
purpose and « ompute i 

Silicon Power Rectifiers Series 1N503 
1N508 rated at 4 amp INSLI-LINS16 at 1 
amp... 1N519-1N524 at 1% ump. Also a neu 
much higher current series for. heavy duty power 


supplies 


Reliable produc ls 
through Advanced-Enginee rung 


semiconductors 


CBS-HYTRON 
Semiconductor Products, Lowell, Mase 


A DIVIBION OF CO JIMBiA BROADCASTING BYSTEM. Inc 
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ENG. DATA SHEET 





Break Through The PROBLEM Barrier 








Making it possible for Engineers to break through the prob- 
lem barrier is our most important project. Since our Com- 
pany’s inception, constant attention to the human engineering 
factor has brought about such advantages as High Speed 
Servos, Automatic Extended Readout with push-button con- 
trol, Problem Checks, Electronic Multipliers, Servo Volt- 
meters, Resolvers and Function Generators, etc. Our standard 
production has the further advantage of actual time in the 
field before being announced as “new.” Just one more reason 
why you can always look to PACE for Progress in Analog 
Computing Systems, for reliability, stability and overall econ- 
omy. For details, write Electronic Associates, Inc., Dept. CE-9, 
Long Branch, New Jersey. 





ELECTRONIC 
ASSOCIATES EA 


SETS THE Pi AIiCIiE 


PRECISION ANALOG COMPUTING) EQUIPMENT 
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INDUSTRY'S PULSE 


Where Can You Buy 
Control Systems Engineering ¢ 


Two years ago, when the first issue of Conrrot Eno! 
NEERING came off press, the concept of control systems en 
gineering (CSE)—along the “classic’” lines espoused in this 
issue—was being practiced by a handful of well-staffed aircraft 
and defense-contract firms and, hesitantly, by a few of the old 
line industrial-instrument makers. In the interim, CSE seemed Many readers 
to come of age. Each issue of the magazine revealed new CSI “buy” CSE 
facilities and more reader interest in the analytical techniques 
for designing automatic-control systems 
‘To gage just how far CSE has come as a commercial factor, 
Pulse mail surveyed a broad spectrum of 50 organizations with 
known background in this field. ‘The survey, as the detailed 
table on the next two pages shows, tried to spotlight the CSI 
people, facilities, projects, and plans in each firm. Despite th 
fact that many important pre actitioners were undoubtedly 
missed in this arbitr: ary mailing, the 27 detailed answers received 
offer an interesting view of the ‘ ‘state of the art” as it can be 
bought by any manufacturing firm not itself equipped to fol 
low ‘the steps of control systems engineering 
As you scan the table you'll note a grouping of the firms under 
\ircraft, ¢ sonsulting, Computer Makers, Motor Controls, and 
Control Equipment In one sense, this grouping suggests 
where to look for a special kind of help. Computer makers, for 
example, are naturally more prone to do systems work thtat in 
volves data processing and simulation. Aircraft firms, on the 
other hand, are inclined to specialize in control of missile sys 
tems (although comments from the two in the survey reveal 
more than cursory interest in other fields) . 
Since the tabulations are based on an impersonal mail query, 
the merit of figures and answers varies greatly with the kind of Small groups— 
firm responding and how classic its approach is to CSE. Gen big know-how 
erally, those indicating small groups doing this work are very 
well oriented to the concept since they do not list, like several 
others, the firm’s complete engineering roster. So in surveying 
the table for CSE capability you should not let apparent siz« 
impress you, but, rather, the type of facilities (an excellent clu 
and the quality of past jobs 
A look at the type of organizations responding also suggests 
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SOME OF THE SOURCES FOR 






















































































NUMBER TECHNICAL FACILITIES 
ORGANIZATION PEOPLE BACKGROUNDS , — + . 
FOR CSE OF PEOPLE 
BENCH TEST ANALOG DIGITAL FIELD OR MOBILE 
| AIRCRAFT 
GLENN L. MARTIN CO. 140 engineer ng and physics, approx. 12 350-amplifier 1BM 701 considerable 
Baltimore, Ma. average 3 yrs. exper benches of analog computer for missile work 
equipt 
NORTH AMERICAN AVIATION CO. 600 BS, MS, and PhD's, yes yes yes yes 
(Autonetics Div.) Belifi , Calif average 10 yrs. exp 
It CONSULTING 
A) NONPROFIT ORGANIZATIONS 
ARMOUR RESEARCH FOUNDATION 12 BS in ME, EE, physics, servo, electronic, Philbrick IBM 650 mobile instrument 
Chicage, i, exp. from 1-10 years hydraulic GEDA trailer 
MACHINE DESIGN DiV., MIT 4 Asst. Prof. of ME and sine-wave gener Philbrick and available at rent recorders 
Cambridge, Mass. research assistants ators, meters, special units 
etc 
B) CONSULTING ENGINEERS 
coc nef SERVICES, INC. 45 ME, CE, EE, math, and complete instr 50-amplifier none complete field 
Hatboro, a. physics, 4-15 yrs. exp static & dynamic plus accessories dynamic test rig 
C. F, BRAUN & CO. 35 graduate engineers, yes yes yes no 
Aihambra, Calif, 5-10 yrs. exp 
THE FLUOR CORP. LTO. 22 CE, EE, ME, IE, AE some pneumatic unit IBM and no 
Los Angeles, Calif, 190 yrs, total exp available DATATRON 
PI-SQUARE ENGINEERING CO., INC. 2 grads. in physics, math, yes open-end expand none for special 
Boston, Mass. & eng., 20 yrs. exp able system purposes only 
C) PRIME" CONTRACTORS 
THE M. W. KELLOGG CO. 16 process design and no no no no 
New York, N. Y. instrumentation 
THE RAMO-WOOLDRIDGE CORP. 100 math, physics, servo, complete elec large-scale ERA 1103 developed as 
Los Angeles, Calif. nuclear, 10 yrs. exp tronic facilities ERA necessary 
SVERDRUP & PARCEL, INC. 30 CE, EE, ME, AE none nearby rental nearby rental none 
St. Louls, Mo. 200 yrs. total exp available available 
itt COMPUTER a 
ELECTRONIC spesennes, ne. 8 EE, math, physics none 230-amplifier none none 
Princeton, WN. J. 4-10 yrs. exp. in CSE plus accessories 
ELECTRONIC a SYSTEMS, Inc. 40 math, physics, EE, ME, broad range elec nearby rental high-speed : none 
Los Angeles, Calif exp. servo, digital, etc tronic units available special purpose 
BENSON. nog corp. 60 design, systems rm none data-reduction mobile data 
Los Ang Cal applied eng. depts equ! pment reduction unit 
LIBRASCOPE, INC. 250 ME, EE, physics, math, e xte nsive elec large-scale with Two LGP 30's, 208 data handling 
Glendale, Calif. all related to CSE tronic, mech., punch-card input 1BM system 
pneu 
LITTON INDUSTRIES 50 EE, ME, math, physics norma! lab test Litton Di ital LDGA plus developed as 
Beverly Hills, Calif. plus eng. specialists equipment Diff. Analyzer planned genera! necessary 
purpose 
THE NATIONAL CASH REGISTER CO. 108 math, physics, IE, EE yes no yes no 
(Electronics Div.) Hawthorne, Calif. 
J}, B. REA CO., INC, 30 eng sics, AE, ME, completely 100-Amplifier READIX decimal none 
Santa Monica, Calif o" 15 yrs. exp equipped Electronic Assoc. unit 
electronic 
IV MOTOR CONTROLS 
RELIANCE ELECTRIC & ENGINEERING CO. 150 40 eng.; 60 draftsmen; yes GEDA ALWAC yes 
Cleveland, Ohie 10 lab tech.; 40 test 
V CONTROL EQUIPMENT 
ASKANIA REGULATOR CO. 7 bachelors or masters in hydraulic, elec Philbrick and none small standard 
Chicago, Ili eng., 5-15 yrs. exp tronic, servo EASE units electronic 
BERKELEY: DIV. BECKMAN N INSTRUMENTS 60 EE PE, "tec hnicians, complete elec complete analog none none 
R chmond, Calif. and eng. consultants tronic tests units facility 
CONSOLIDATED ELECTRODYNAMICS CORP. 30 basic deg. in electron all needed stand yes yes "yes 
Pasadena, Calif. ics, radar, digital exp ard and custom 
ELECTROWIC ENGINEERING CO, OF CALIF. 50 BS in EE or physics complete. elec none none none is 
Los Angeles, Calif, _with electronics major tronic lab test 
FISCHER & PORTER CO. 120 45% ME; 25% EE, 22%  pneu., hydraulic, simulators for punch-card recorders plus 
Hatboro, Pa. CE; 8% math & physics mech., electronic closed-loop unit and EOP special units 
systems 
THE FOXBORO CO. 12 12 available to do CSE static and Philbrick plus 1BM 607 portable dynamic 
Foxboro, Mass. plus large eng. pool dynamic testing accessories 1BM 650 soon analysis sets 
TAYLOR INSTRUMENT COS. 50 , ME, EE eng phys- yes yes yes yes 
‘Rochester, N.Y. “he advanced deg 
WHITTAKER GYRO DIV., TELECOMPUTING 100 grad. engineers, physi complete lab several types several types none 
ORP. cists, chemists; exp equipment 
Van Nuys, Calif. tech 
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CSE JOBS IN PAST 2 YEARS 
WILL ALSO - —— 
DESIGN 
CONTROL 


MACHINE 
RIAL PRODUC- 


T 
COMPONENTS PROCESS TION 


DEFENSE 
CONTRACT 


AN OUTSTANCING CSE J08 


OTHER SERVICES 
AND RATIO OF 
THESE TO CSE 


TYPES OF CONTROL 
COMPONENTS DEVELOPED 
FOR CSE SYSTEMS 





several several 


possibly, but not 
as general policy 


program (but re 
clear power pliant 


system for producing mul 
ng and production parts 


Jesigned units f 
st systems 


digital & ana Jevelops servos 
puters, airborne dat and detectors 
handiir 





yes 


yes, direct or 
by grant-in-aid 


none 


n works 


a 3-deg.-of-freedom table for flight simulation 
with 100-hp hydraulic servo drive 


dynamic analysis of distillation column agreed 


with open-ioop FR of contr system 


a weighing and contr system for moving ma 
terial through a precision magnesia pliant 

currently a $517 on. instrumentation con 
tract for a 130,000-bbi-per-day oj! refinery 


a $25-1 nm butadiene plant where $500,000 
was aved by analyzing appropriate actuators 


performed analog & 
supersonic biow-d 


ntegrate instrumentation system into major 
new process plants—select, install, start up 
various military contr systems for complex 
weapons systems-now exploring other areas 


dynamic control system for pre temp ai 
flow to engine test ce for flight simulatior 


CSE is small part 
tem service to a 


jJepends n the particular 
project 


getting dynamic charac ns not apply all work 
teristics during norma contro! analysis 
yperations 


100% cont systen mnitroliers, actuators, etc 
engineering service for fast dynamic response 
spec startup, mainte seidom 


nance sulvey ntre 


f the items used 
ystems -— varied 


analysis ina ’ . tems are usually 
engineering cont impose computing 
circuits 


signers af *s not develop control 
contr sma ymponents 


: up coms ‘ ped when no comm 
specializes ir al version is available 


panels, EDP, TV mputer-type components 
Schlieren cont c transducers, special vaives 





yes 


yes many 


yes, but 
generally not 


yes 


simulated a large flow problem for 4 reduc 

tion in amount of control equipment needed 
automatic digital tape control system for a 
milling machine—three-axis motion contre 


various data-reduction and data-handling sys 
tems for fn tary test and vehicies 


two-axis machine tool actuator system which 


operates from punched ards 0.001 in. error 


real-time digital control systems and mixed 
digital-anaiog (mainly classified 


mainiy research and developing devices and 
systems for capturing, analyzing, storing data 


synthesis of a combustion process and its 
nonlinear control syster mproved design 


apply analogs to u special-purpose analog 


problem contr ye computer components 


radar, models ‘cial amplifiers, computers 
EDP contr } power supplies 


all 


lat 


ahandiing and reduction 


work primarily 
. t components 


edu nm ape 
design computers, ser ; t frequently develops 
optical instrur ducers for systems 


gn of sub n j romechanical ‘black 
nent cor type bos tems 


very broad fie nfrequently 
ntere 


develop compu 


converters 


digital data-handling 
and programming 





precision speed contro! of adjustable voltage 
and power system for aircraft system tester 


pecial adjustable speed 
motor-drive equipment 





yes, except 
for direct 
competitors 


developed, de ned, and built cont 


f syster 
for a plant ba ym mathematical synthesis 


anaiog comp ntro| of air valves 
wind tunne ) gram p and temp 


high-speed ramjet instrumentation system re 
duces data, records on magnetic tape 


complete data processing for Air Force Flight 
Test Center at EAFB, Calif 


a typical system cost $50,000 and involved 121 


measurements and control of 7 parameters 


an unattended automatic pipe ne; the com 
plete instrumentation of a large pulp m 


complete automatic contr nstallation for 
East Texas paper plant 


ust beginning CSE concept but is equipped 
primarily for missiles work 


servos, valves 


adapte converters 


ssually electronic circuit de 
gens for some part of s 


broad system e f various Components devel 

problems ' ped as needed 
guided ‘ any components developed 
nstrumentatior no special types 


developed over full range of 


products ndustrial instrumentation 


company comy 50% of units are special 
voted to CSE P ssually 4 unique arrangement 
form or other 


all types of industrial 
nstruments 


app!. eng. probieme 
ng aison 50 


develop equipment u j gyros, servos, electronic 
n missile syster equipment 
10% CSE 
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Chapter Il; Volume 1 
THE AD THAT LONGED TO BE A STO! 


There was once an ambitious ad that was vastly impressed by the pping power 
of a few singularly successful advertising campaigns. Consequently, this foolish ad 
leliberately distilled the charm of each of these campaigns and used them all at once 
The ad came out standing on its head and looking like nothing you've ever seen 
that is, unless you've read this, as what red-hlooded intellectually curious engineer hasn't? 


MORAL: Well-read st nsneedn't be red to be investigated. (An ocelot helps a lot) 


In the interest of greater adsmanship, this advertising parable is provided as a public service 
by the Benson-Lehner Corporation. Incidentally, the Benson-Lehner Corporation, leading 
manufacturer of data processing equipment, has available their new precision film reader, 


the BOSCAR Model N. For information re: data reduction, write 


"| benmnson-lehmer corporation 


11930 Olympic Boulevard, Los Angeles 64, California 


OFFICES: LOS ANGELES, BALTIMORE, KANSAS CITY, SUMMIT, N.J., WASHINGTON, D.C., LONDON, OTTAWA, PARIS 


For a permanent file of this series write to Benson-Lehner, Dept. S2, for your Adsmanship Handbook folder 
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a certain tradition in CSE. ‘The old-line instrument firms, which 
were doing a rudimentary form of control systems engineering 
well before World War I, are using this background “plus the 
new techniques to branch into military and machine control 
work. Aircraft makers and some of the defense-oriented instru 
ment companies launched into this work during the war and a 
currently trying to spread their know-how into industrial a. 
nels. Most of the other CSE respondents are relative newcomers 
—riding into the field in the wake of the “breakthrough” in com 
mercial computing and data handling, or through defense con 
tract work placed as a result of the Korean conflict 

Not listed in the table, however, are two areas covered in the 
survey and vital to a commercial assay of CSE: 1) how the firm 
handles a CSE. contract, and 2) what it sees as the “major ob 
stacle” to selling the control systems engineering concept 

Regarding contracts, there seems to be a common pattern for 
the preliminaries—a factory engineer usually visits and makes 
a study of the problem at no charge. Two firms, however, 
charge outright for the initial study, and several present a bill 
if this prelimin: iry appraisal is overly complex. There is unusual 
variance in the w: ay a contract price is arrived at. Most often 
mentioned is the cost-plus basis. But a few firms use a fixed 
price bid and others rely on estimated manhours plus cost, per 
diem cost, and cost plus fixed fee. There seems to be no 
correlation between the type of organization and its method for 
fixing a CSE contract fee. Almost all the firms use the project 
engineer system to run a CSE contract. Some of the control 
equipment makers, however, rely on project committees. And 
the computer makers often bring in customer people as part of 
the project team. 

The firms differ somewhat when they list the “obstacle” to 
selling their CSE. service. Ten of them agree that the biggest 
obstacle is simply the widespread lack of knowledge on the 
concept and its potential. Three cite cost: they claim that 
customers often try to save money by buying components direct 
and piecing them together into a system. ‘I'wo organizations fecl 
that their lack of experienced engineers holds back selling efforts 
Two others proudly advise that they have no selling problem! 

But the most provocative lament comes from two of the old 
line instrument makers and one consultant (the latter asked 
that his name be withheld—hence it is not included in the tabl 
After a costly, involved systems study, they claim, the customer 
often gets an underbid from a competitor “who rides in on out 
careful recommendations” 


Free engineering 
at the onset 


but the free 


work sometimes 
backfires 
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Model 1124 
198,000 RZ bit capacity 
Drum diameter: 4%” 


Available for 115 Volt operation 


Model 1123 
1,320,000 RZ bit capacity 
Drum diameter: 17” 
Available for 110, 220 
or 440 Volt operation 





UNIVAC’ MAGNETIC STORAGE DRUMS 
high speed, high capacity data storage for your application 


The same dependable magnetic 
storage drums used in the new 
UNIVAC File Computer are avail- 
able for application to your specific 
problem. Featuring permanent stor- 
age and rapid access to information, 
these non-volatile memories are 
built to the same high standards 
that have made UNIVAC a leader 
in data processing. 


If your problem involves the storage 
of data, lee UNIVAC’S ten years of 
drum design leadership work for you! 


MAKERS OF: UNIVAC | + UNIVAC II - 


o G@ & WN= 


Among the many advantages UNIVAC drums offer are: 

Permanent retention . . . information is unaffected by time or loss of power. 
Rapid access . . . information is stored, read, or altered in a few milliseconds. 
Versatility . . . may be used with a variety of terminal equipment such as 
printers and punched card equipment. 

High speed—high capacity . . . both are needed in computing systems; both 
can be provided by UNIVAC. 

Wide application . . . not limited to “computers”, UNIVAC drums find many 
other data processing uses. 

Dependable performance . . . over 260 UNIVAC drums are in use now; 70 of 
these are part of UNIVAC computing systems. None of these have failed; your 
assurance of continued trouble-free operation. 


A new brochure, P X-71843-A, fully describing these drums, ts available without 
charge. Write for your copy today! 


UNIVAC SCIENTIFIC - UNIVAC FILE COMPUTER - UNIVAC 120 - UNIVAC 60 - UNIVAC HIGH SPEED PRINTER 


Remington. Bland Univac 


DIVISION OF SPERRY RAND CORPORATION 
1902 West Minnehaha Avenue, St. Paul W4, Minnesota 
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Electrohydraulic Valve Actuator 
with Premium Dynamic Performance 


This first unit in an extensive program 16” requiring an extra margin of 
for the development of a complete line available power for reliable, positive 
of electric actuators for Control Valves, performance and for installations 
incorporates the superior dynamic per- where, as in remotely controlled pipe- 
formance made possible by the electro- line stations, elimination of compressed 
hydraulic principle. It is designed pri- air equipment makes these actuators 
marily for the larger valves 6” to economically feasible. 


Some advantages of this actuator include — 


e Maximum service life and minimum error in reproducible positioning 
through use of a linear differential transformer for electrical feedback 


Speed equal to, or greater than, pneumatic operation. 

Excellent linearity of plug position to signal. 

Operation with any presently available electronic control system 
Operation under all normal ambient temperature variations. 
Availability of remote indication of valve plug position. 


Availability of explosion-proof construction. (Class 1, Group D, or other 
classes and groups as desired. ) 


Complete specifications on request 


Operational 
Schematic | | pez beam ~~ 
of Actuator J| fi vi. 
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MASON-NEILAN Grae 


Division of Worthington Corporation 
53 NAHATAN STREET, NORWOOD, MASSACHUSETTS 


her Mason-Neilan developments see next page 

















Complete Line of Air-operated Con- The Versatile 12000 Series Liquid 
trol Valves Level Controllers and Transmitters 


Non-Indicating, Indicating and Re- Pressure Regulating Valves for Re- 
cording Pneumatic Controllers and ducing, Back Pressure, or Pump 
Transmitters Pressure Service 


Pneumatic Selector Switch for Automatic Filling 
or Draining of a Series of Tanks 


A New Liquid Level Controller Especially Adaptable to Separator Service 


A New Two-Position Signal Switch 


A New Side Mounted, Continuously Connected, Handwheel for Large Valves, 
Incorporating Up-and/or Down-Travel Stops which are Adjustable While 
Valve is Throttling 
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WHY SPECIFY 1 WATT WHEN YOU NEED 1/2 WATT? 


Use IRC’ Deposited and Boron Carbon Resistors 


























Now you can save two ways whenever circuits call resistance to moisture and mechanical damage, 
for high precision resistors with long term stability you can specify molded types for automation equip 
and built-in overload protection. IRC Molded ment in sizes that meet MIL spe hese 
Deposited and Boron Carbon Resistors can with- molded units are now available in 5 rating 
stand substantial overloads for considerable periods watt, 4 watt, 4 watt, 1 watt, and 2 watts. For 
without exceeding tolerances. This means savings extremely low temperature coeflicients, use IR¢ 
in space, weight and cost! The conservative rating of Boron Carbon Resistors. Send the coupon 


these units assures you of reliability—no need to 
specify larger resistors. 


Announcing a new high-range process featuring 
stability! With a unit as small as IRC’s % watt RESISTANCES FROM 10 OHMS TO 100 MEGOHMS 
Deposited Carbon Resistor, you can cover a re- os GRR CaRe: i : 

sistance range from 10 ohms up to 25 megohms Deposited Carbon Resistors 


With IRC’s 2 watt resistor, you can go from 15 
ohms as high as /00 megohms ‘ peer ge ioe iv 


If you want the same span of resistance ranges, 
plus better load life characteristics and greater 
Boron Carbon Resistors 


id 4 ‘ ‘ 
land 2 watts 


ep Ge ee ee > > DP GD &® 6D GG» 6D GP &D an 6 aw ewes 


INTERNATIONAL RESISTANCE CO. 
Dept. 183, 401 N. Brood St., Phila. 8, Pa. 














In Canoda: International Resistance Co., Lid., Toronto, Licensee 


Send bulletins describing [|] Deposited Carbons Molded 





Deposited Carbons [] Boron Carbons [ }) Molded Boron Insulated Composition Resistors « 
Deposited and Boron Carbon Pre 
Corbons cistors © Power Resistors « Voltmeter 
NAME Voltage Resistors 
c 
COMPANY Utonaver the Conc, Saye - 
low Wattoge Wire Wounds « Re 
ASSEEES wstonce Strips and Discs « Selenium 
CITY STATE Rectifiers ond Diodes « Hermetic 


Sealing Terminals « insviotedChokes 
« Precision Wire Wounds 


i 
! 
! 
1 
| 
| 
! Multipliers « Ultra HF and Hi 
! 
! 
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| 
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Control-Systems Engineering 


Pays Off 


Through it you can: 


SPECIFICATION 


EVALUATION 


SYNTHESIS 





# Reach optimum balance of performance and cost 


= Improve the way your organization functions 


" Recognize opportunities and needs on the job 


WILLIAM E. VANNAH, Control Engineering 


Control-systems engineering is an 
function, the function of applying measurement and 
control devices in the design of automatic processes 
Its underlying principles and much of its practice 
are not new: velocity regulation of millstones driven 
by windmills, for example, dates back many centuries 
I'he classical mathematical techniques of its analytical 
phases are not new either: in 1868 Maxwell wrote 
linearized differential equations for three types of 
governors and stated the conditions for stability in 
terms of the coefhcients of the equations. And con 
trol of a complete manufacturing process—only new 
when spotted in the span of years from Maxwell's 
time—has become, over the last two decades, a 
common feature of the control field, 

If so much of the function is not new, can it 
still claim new features? Definitely 
© Broad technical front of the attack on a control 
problem 
P Diversified strategy of attack 
P Rapid changes in the required and available engi 
neenng techniques 
> Growth across industry 

While the ideas and principles of control-systems 
engineering are somewhat specialized, its technical 
breadth and its application in all phases of business 
and industry make it a cohering force. It requires 
the bringing together of products that handle signals 
and power mechanically, electrically, electronically, 
chemically, hydraulically, pneumatically, and opti 
cally. It is practiced in all of the professional fields 
derived from 
genenec engineering practice of putting together in 
teracting materials, parts, equipment, and opera 
tions into a process that accomplishes a definite 


engineering 


systems engineering, which is the 
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purpose or produces a specified product. ‘Typical sub 
species of systems engineering are weapons engineer 
ing, chemical engineering, and the engineering of 
electrical power distribution networks. ‘Through the 
years each has become a specialized profession, with 
drawn from the others. But control-systems engi 
neering, picking up more and more of the total 
effort directed toward the engineering of systems 
has tended to pull the specialties together 
Limitations imposed by personnel, past practices, 
budgets, and time schedules vary the mode of attack 
on the common objective—the creation of auto 
In aircraft and ordnance the per 
onnel available are numerous, their technical skills 


matic processes. 


are varied, and the number of alternate solutions 
investigated, at least in the early stages of a program 
is large. ‘The problems are primarily technical, not 
economic They can be broken down and speci 
fied for handling by specialized departments or sub 


contractors. Industrial plant managers, on the other 


1. SPECIFY 

























hand, place emphasis on minimum operating and 
amortization costs. ‘The flexibility of approach her 
5 restrained by the fact that maintenance and operat 
ing personnel are accustomed to certain types of meas 
urement and control equipment. Personnel, few in 
number, can meet plant construction time schedules 
by using control techniques and equipment that have 
proven reliable through years of application. As a 
result, 90 percent of the industrial automatic proces: 
problems are solved satisfactorily by balancing an 
‘unalterable”’ definite conditions with 
adjustable measuring and control equipment. Yet im 
those cases where the industrialist has been able to 
relax the restraints so that the engineer could con 
ider the process parameters as flexible as those oi 
instruments, the improvements in operation hav« 
pointed the way to still further reduction in operat 
ing cost 


process at 


Reduction of process operating costs through 
fully flexible approach is just one of tl 
ties inherent in 


portum 


systems i here are 


engineern, 


2. SYNTHESIZE 


other potential benefits. For one, organization and 
supervision can be improved through ability to study 
alternate solutions, detail the special problems, 
specify equipment in a universal language for each 
group involved, and test the effectiveness of the 
equipment against the specifications. ‘Thus control 
eystems engineering becomes a self-correcting feed 
back system in itself. And given the flexibility of 
including the parameters of the process in his attack 
the control engineer has the chance to get out of 
his office or laboratory into the aircraft test cell o1 
into the plant. ‘There he can get to know the 
peculiarities of his process, something that he cannot 
completely achieve by reading. In the office, he i 
closed-ended”: out at the process he becomes 
ended”. ‘Through his natural curiosity, whetted b: 
his knowledge of what measurements can be made 


open 


ind what controls applied, he will recognize opportu 
nities for further improvement 
[his issue of Conrrot ENGINEERING lays out the 


3. EVALUATE 





teps of control-systems engince! I he 
in three flights that correspond with th 
neers logical three-stage approach 

P Determining the objectives of the 
process, selec ting the most likely alternate, 
fying its performance, pages 105 to 129 
> Synthesizing by design and anal 
fications, pages 130 to 161; 
> Evaluating actual performance and determining the 
incremental cost of performance, pages 162 to 182 


t ps Tse 
ontrol cyl 


automat 
ind speci 


is to meet speci 


Specification 


“Know Your vhat the control 
enginecr must know about eight | pu al processes 
It analyzes the fundamentals of thei operation and 
points out the requirements and characteristics they 
cover that they 
hare the requirement for balance—balance of energy 
material, effort, or financial accounts. Hle will find that 


dynam but that emphasi 


Process reve il 


have in common. ‘The reader will di 


are unportant in each 
iries, and that corresponding to the variation im 
emphasis is variation in knowledge of the dynamu 
Particularly in cases 
he will see that the processing 
instrumentation all interact, interrelate, o1 
his should make it clear to him that he should not 
jump to a solution by attempting to hook together 
black boxes” with the idea that cach is independent 
or with the idea that “we'll try it and se It is at 
this stage that he and the designer of the 
can work together most effectively, weighing alternate 
ways of processing and alternate wat 
I'his is the start of the 55 


It is important to recognize the 


where the dynamics are critical 
equipment ind it 


( oupl 


proce 


ot controlling 


tems - cngimecring concept 
universality of 
to histor if is not 


to chemical or petroleum processin 


“process” ( ontrary 


confined 
I here are also 
manufacturing processes and data- handling process 

lurther, machine-tool-control peopl refer to 
the statistical control of operation, and 
to the control of materials handling for the machine 

control And vile aircraft and 
ordnance peopl do not use the term consistently, it 
does fit thei concept of the “mission” or of the 


now 


a grindin ’ 


d proce } 
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obrectiy 


it across 


ce of systems engineering. ‘Therefore we use 
the board 

Once the most promising combination of process 
und control is selected, it is necessary to specify 
performance quantitatively. ‘This is the scope of 
the article, “How to Specify the Performance of 
Closed-Loop Systems”, pages 122 to 129. 


Design and analysis 
With — the 


examined 


operation of alternate processes 
iid an automatic system proposed and 
specified, the next step is to design and analyze it. 
his is not always done by mathematical analysis. 
Quite often it is achieved by physical reasoning. 
The whole procedure is a cut-and-try one, whether 
done on paper, or with an analog computer, or by 
design, construction, and test of equipment, It has 
been called an art and for many years has been 
practiced as an art. But today it is a_ logical 
approach in which the engineer postulates a solution, 
analyzes it, compares the result with specifications, 
and readjusts the solution if he does not meet 
specifications, ‘The cut-and-try procedure will con 
verge if controls are justified, but will not converge 
if they are neither justified nor possible. ‘The section 
on design and analysis begins on page 130 
the various methods 
© Breadboarding 
P Analog simulation 
Simulation by 
te hniques 
© Graphical integration 

Mathematical and semi-mathematical methods are 
demonstrated by articles throughout the issue 

With any, or a combination of these methods, 
several proposed solutions may be rapidly investi 
gated, their performance and cost compared, new 
proposals tried, and the whole cycle repeated until 
one solution clearly shows its superiority over the 
others. ‘The engineer may, after analysis, come to 
preliminary con 
clusions and build a proto 
type subsystem, only to 
find by testing it that it is 
not compatible with other 
subsystems. ‘Then he pos 
tulates again, queries by 
analysis again, until he per 
fects a prototype subsys 
tem that is compatible 
hus the repetitive nature 
of the procedure goes on 
in the design of subsys > * 


It shows 


combining analog and digital 


SOTIN 











. 
the analysis of the com " 
plete system. The two 
pronged attack, the simi 
larity of the methods, and ‘ 
the universal 
expressing 
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tems at the same time as . 
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4. TRY AGAIN 


- mer’ 


make it possible to adjust the requirements of one 
subsystem to accommodate changes in the require 
ments of another and still come up with an overall 
system that meets specifications. 


Evaluation 


Except in the case of laboratory evaluation of 
process models and prototypes that are representa 
tive of the final system, there is no substitute for 
field trial. ‘The selected measuring elements, controls, 
and drives must be installed and the complete sys 
tem tested for performance. ‘The final group of 
articles shows how to conduct the tests and how to 
evaluate the incremental cost of performance 
Actually, performance-cost comparison and dynam 
testing go on throughout the entire procedure 

Besides bringing about variations in the depth of 
detail and number of alternatives studied, the exist 
ing restraints on flexibility also determine the techni 
cal breadth and depth of the groups of people 
doing the job. Industry's Pulse, page 91, surveys 
typical organizations from which the user can pur 
chase systems-engineering services. ‘The services 
available to the industrial user are normally furnished 
by the application engineering groups of the manu 
facturer’s sales department and are based on experi 
ence. However, it is becoming more and more 
common for the manufacturers to have development 
groups fully acquainted with the technical complex: 
ties of systems analysis for new and difficult problems 

‘The industrial user, to provide technical depth and 
breadth, concentrates his control-engineering per 
sonnel in engineering-service groups available to all 
of his plants. A coordination chart of a large soap 
manufacturer shows his  instrument-engineering 
department and automatic-machine-design depart 
ment as central groups linked directly to every engi 
necring and operating department in his company 

The aircraft and ordnance manufacturer assigns 
task forces for project study and operation. ‘The 
task forces are composed 
of personnel drawn from 
the specialized depart 
ments that will be in 
volved in the systems pro 
gram. ‘Thus, 
strong analogy between in 
dustrial and military prac 
tice. In both cases the 
control-systems 


there is a 





engineer 
ing groups include broad 
technical knowledge. In 
both cases they weave 
across departmental lines, 
drawing all of the con 
cerned departments into 
the activity and opening 
channels for exchauge of 
the benefits of control-sys 
tems engineering. 








SPECIFICATION 


SYNTHES'(S 


EVALUATION 


Know Your Process 


This is the first step in control-systems engineering—you must become familiar with 
the operation of the process to be controlled, know exactly what the process is to do, 
and recognize alternate processes and alternate means of control. It is also desirable to 
be able to express the dynamic characteristics of the process and control system, 
although the advance of knowledge about dynamic characteristics has been slow. ‘The 
following sixteen pages survey the state of the art and future possibilities of control 
systems engineering by describing eight different automatic and semi-automatic proc 
esses, ranging from flying an airplane to generating steam. An authority in cach field 
covers the basic process, control system considerations, and current knowledge of dy 
namic characteristics, and adds a useful list of up-to-date references 


While the advent of the logical 
design procedure known as “control 
systems engineering” did not create 
a turning point at which the control 
system designer suddenly started ex 
amining the characteristics of the 
processes he was controlling, it did 
show him that he should know many 
more things about the process. In 
the past, control-system design was 
almost entirely based on knowledge 
of the steady-state characteristics of 
a process, and sufficient adjustability 
was built into the controllers to take 
care of stability and transient effects 
encountered during the initial opera 
tion of the system 

But competition, other economic 
forces, the need to control critical 
processes and an increased recognition 
of classical and newly-developed auto 
matic control techniques have forced 
the control engineer to become more 
interested in process characteristics 
H'ssentially, the engineer would like 
to describe the transient performance 
of a process by means of an equation 
either experimentally or analytically 
determined. ‘Take the prototype 
model of a transonic fighter aircraft 
which costs millions of dollars. Cer 
tainly it would not pay to jeopardize 
the airplane and pilot by waiting until 
the initial test flight to find out 
whether the  stability-augmentation 
system was compatible with the in 
herent stability of the aircraft. ‘The 
chances of success are much greater 
if the control-system designer and 
airframe designer work together, mod 


ifying both the airframe and control 
system to obtain an optimum pac kage 
In many military projects (see Pro 
esses 1 and 7) the lowest echelon of 
success cannot be reached without 
this cooperation 

(he pressures are different in in 
dustry: economic ire more 
tant. Whether 
dynamic characteristics of a proces 
is important or not depends on 
whether this knowledge will lead to 
a cheaper initial system, improve the 
quality of the end product, reduce 
labor, optimize the 
etc. ‘There are exceptions, however 
scientific advance ha 
cal process 


impor 
i knowledge of the 


operating cost, 


produced cnt 
that require more knowl 
edgeable design of the 
for successful operation, optimum or 
not. A noticeable trend in the flow 
process field is the increased use of 
on-line analytical instruments and, in 
turn, the measurement of additional 
proces \ iriables CC Proce CS } and 

Knowing product composition 
does little good if not 
known 
permit 


control system 


enough j 
about proce operation to 
adjustment of the 
variables to maintain product quality 

Machining has received much at 
tention from control engineers be 
cause of the between the 
controls required for machine tools 
ind those required for certain types 
of military equipment (position, ve 
locity, and acceleration control 
Most of the work has been devoted 
to the open-loop processing of infor 
mation from drawings into a form 


proper 
pro] 


imilarits 


Tih hianne tool 
) 
power servom chanism Proce } 
operator tand by them 


Busine 


elves be 1ise thes ine 


wcceptabl to the 


complete ly 
different from a of the others, and 
because so litt 
Proce WI 
define what 
this is so f 


ind more difficul 


ibout the til 


theult 


measure it 
indefinite 
Certain common characteristics can 
be noted | discussed 
here Those ontinuou 
flow (Process¢ ind 8) nece 


sarily require th 


variable control” remain 


mamtenance of ma 
terial and ene ilances, in addition 
to the conti f product qualit in 
tecl, Proce 6, the inherent 
material balance ised for thickn 
control Many of the process have 
Cros produ t upl ngs or the inter 
relation of contro iriable 
unit-operation- ntrol inadequate and 
forcing consideration of the tem a 


i whole (Processes | md & 


rolling 


Itt iking 


THE PROCESSES 


. Flying and Directing Aircraft 

. Burning Fuel to Generate Steam 

. Machine-tool control 

. Converting Hydrocarbons into 
High-Octane Blending Stocks 

. Controlling a Business Process 

. Rolling Slabs into Strip Steel 

. Controlling Submarine Depth 

. Separating Liquids by Distillation 
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I. Klying and Directing Migh-Speed Aircraft 


JOHIN MANDROW, Th Ramo-W ooldridgs Corp 


frames and propulsion systems is yield ind maneuver limit 

ing higher and higher performance 2. The maneu 
vehicles, it is not so widely appreciated usually generated 

that the newer aircraft are becoming computing ystem; for 
progressivel less amenable to un control system. When 
1ided human control. This effect pletely, the controlled 
tems from two source the dynami ubsystem of the comp 
behavior of modern high speed ii trol system, which itself 
frames makes stable control difficult loop control system 
and the missions performed by thes ichieve stable fire 
aircraft and their avionic systems de it is mandatory that the 
mand that complex decisions be mad ystem be designed 

in time intervals not consistent with output behavior 

human reactions. To mate the mod frame 1s consistent 

ern airframe to its pilot, increased the overall fire 


jody ane: reliance is being placed on automat 


Stability augmentation 
Rody rote , -_ contro ystem 
sO0y ) > } ond 


pilot directly activated the control control system begit th 


urfaces through a system of pulley gation of the dynamic behavior of th 


In propeller-driven vehicle the (he design of an t 
Velocity cor 


FIG.) iw one terenilintiain’ anad that gave him the required mechanical art ime to be control dl Math 
seit ittetinent annie al om aleonell advantage Moreover, these aircraft cally, the kinematic beha 
possessed ufiicient inherent stability rigid body can be completel 
to make stable manual control po by six differential 
ible. Jet powered aircraft introduced describing the transla 


a peed regime in which the control f the center of gravit u, Vv, and w 
I'he use of high-performance aircraft urface hinge moments wer uffi 


ind three describin the rotational 
for both commercial and military put ciently large to demand the u 


e of motion about the center of g1 
poses is making ever-increasing de irreversible power controls. Inherent q, and r), Figure 1. In the 
mands on the accuracy with which tability of these high-subsoni peed equation could be plit 
the aircraft's flight path must be con aircraft was ‘ess than their slowe tively weakly coupled 
trolled With commercial airliners predecessor requiring, for the first each: the longitudinal n 
tight and accurate flight-path control time tability augmentation device ixial speed-u, and angl 
is required to safe ly accommodate the (damp« rs) As aircraft performance 


ind the lateral mod 
constantly increasing volume of ait idvances into the tran 


onic and super ind sideslip-v). Th 
trafhe. With military systems, flight sonic speed regim mtrol difficul coupling directly 


path accuracy is important because of ties become increasingly more severe craft stability 
the strong coupling between likelihood Where dampers were desirable at sub Mhus, the inci 
of mission success and tight flight onic speeds, they become mandatorn 
path control. At present, the most ad it transonic speed In addition, the 
vanced work in high-performance ait high speed cuts down the availabl 
craft control is being carried on under decision time. The required demand increased coupling 
military contract. In such systems the by the latest operational fighter weap ources, both inh 
iirframe, the propulsion unit, arma ons system on flight-path accuracy configurations: the large 
ment, and guidance and flight control ind speed of response are increasing tween inertia mome 
ire all components of one overall air to the extent that completely auto ind k axes, and the 
borne weapons system. The following matic flight path control of the vehick lizin urface effect 
discussion points Out some of the con is required in some instance Phu icroclastic effect 
trol-system problems in modern piloted there are two distinct problem The de: 
fighter aircraft | 


ing from the 
tions of 


Cause cevcre 


wner now 
The aircraft must be maneuvered he can increase the 
; tably and qui kly to minimize the lizing surfaces, th 

High-performance aircraft , 
time lag between the command uirtrame inheren 


While it is widely recognized that md thi iccompanyins ponse, con can wu tabilit 


the state-of-the-art’ of designing ai istent with the structural safety vstem But to 
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the airframe by increasing surface di hange in alt 


mensions would result in excessivi idding damp 


drag, so that some stability augmenta On the other hand eC degree of 


| 
ince electromechanical « i i | into demand 


tion must be included pendence on da np rubl mp utput 


A damper system produces rest 
ing moments by deflecting the contro! fail, possibh 
urface For example, consider the ibility to fi 
longitudinal behavior of a typical high bilizing surface 
speed aircraft. In general, analysis of herent stability 
the three un upled longitudinal equa ome minimum Cc] valu ‘ puter 
hon hows two oscillatory mod the pilot Cl ginented marnded 
One of these is a long-period oscilla means of clectrom« | damping bigu 
tion, characterized by slow variation ystems to vicld overall satisfactor method 
in linear speed, pitch angle, and ang] flight characteri Similar consid flight-cont 
of attack. This is referred to as the itions apply to sideslip-damping and roncrate 
phugoid mode and consists of a slow roll-damping em iccelerati 
xeriodic exchange between kineti ; \ comp 
te pot ntial energy. The other oscil Automatic flight control the actu i 
latory mode is a short-period, high Once an airframe difference b 1 the v nal 
frequency, very-lightly-damped oscilla torily pilot-operated ( gner cal processed | function 
tion that represents the urcraft’ consider automati g ntrol mbined longitudinal 
weather-vane stiffness control an aircraft ig , damp ypolic » th 
In a typical pitch-damper system matically, th 
a pitch-rate gyro is mounted on thi riven r cl 
iirframe, Figure 2. Gyro output borne comput w example 
passed through i high pa filter and weather fi | | tem Lhe 
uitable compensating network and omput y yy be thought of 
combines with the pilot's input to the is the an 
power-control system to deflect the through ¢ 
elevators to damp out the short period 1 proportion 
oscillation Thus, an aircraft’s eff iircraft m 
tive stability in be boosted with no duce a gi 


Longitudina 
cerodynamics 


Compensation High-pass 
network filter 
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2. Burning Fuel 


. W. JENKINS JR., Leeds & Northrup Co. 


hazardous to equipment, and high 
Boller = level may permit carry-over of imput 
Teom ities to the turbine 





Water and = °? 


steam Superheoters J 
Drum Sig die Steam-Temperature control require- 


| ments 








' 
! Reheaoter 

Water --» an on Low steam temperatures most d 
\ + J 
! 
| 
J 
’ 





Sead rectly reduce the efficiency of the over 
eedworer " 
vant ill boiler-turbine heat cycle, and ex 





CeSSIVEe temperature 
}- limitations on the lif 
— Flue gas ‘The very nature of st 
; control (by regulating 
tion) vields inherent 


) 
| 
! 
i 


other control] ind 

boiler controls must be 
plied to prevent regen 
l’urthermore, the time 
ociated with temperat 
uch that auxilia 

more promptly resp 


of a boiler-turbine 


In the conversion of fuel energy to the actual distribution of heat ab orp — re = =normany 
clectri power, the boiler unit up tion is unregulated. the same effect j achieve satistactory 1 


plic team to the turbine-generator obtained by using heat exchangers for ? 
unit in the proper quantity to meet returning heat from the superheater \ typical control system 
demand, and at appropriate temper to steam generation, or by spraying Figure show ontrol tem 

} Ihe 
and safety, Figure 1. Unlike man thus generating steam in these unit ombustion-contro] nsists of 
Processe the objective of the control ontrollers to regulate icl input 


to maintam constant 


iture and pressure for overall economy water into the superheater or reheater block diagram for 


system is not to regulate the quality Combustion control requirements 


or compo ition of the end product Constant steam pressure provide i ind air flow to balan 
but rather to achieve economy and to reference for maintaining the balance Basically. the steam-flow /air-flow 
protect the equipment between steam supplied by the boiler tion hip maintain proper fu 


; ind steam demanded by the turbine ratio. In many fuel tems, pat 
The steam-generating process rho 


the control of steam pressure larly those burning pulverized 

he amount of steam furnished by by regulating the energy (fuel) input the fuel input cannot be 
the boiler is determined by the vari is a fundamental boiler energy-bal ured, Accordingly 
ible demand for electri power, ‘Thus meing control. In addition, the air is an inferential mea 
in inherent function of the boiler con must be controlled for proper fuel put. For units where 
trols is to regulate the inputs of fuel combustion. Excessis team pressure can be satisfactorily me¢ 
ur, and teedwater to meet this de is hazardous, low pressure may reduce gas-fired boiler the 
mand for steam. Steam temperatures capacity ind unstable pressure inter controller may regulate l ind 
ie also carefully controlled to main feres with load control, feedwater con- ur in parallel. ‘This arranges not 
tam an efhcient heat cycle for th trol, and temperature control, thus af only maintains fuel-a on 
overall unit, since the steam energy to fecting economy, Unstable exc ur tinually balancing met ind 
the turbine is essentially a function iffects the pressure, feedwater, ind metered air against a mmon load 
of temperature. In recent years, most temperature controls, and too much or ing signal, but also chan both 
large units use reheat, returning low too little air results in excessive losses simultaneously in the proper mea 
pressure steam from an intermediate either up the stack or in unburned ured amounts when load chang 
section of the turbine to be reheated fuel, thus reducing efficiency occur. Some system ontrol steam 
before returning to the turbine. Basi : ; pressure by primary regulation of 
cally, the steam temperature controls Keedwater control requirements either fuel 
regulate the distribution of heat trans Drum level provides a reference for controlling balance ex 
fer within a boiler maintaining the material balance be the fuel and air measuremet 

Ihis balancing of heat absorption tween feedwater input to the boile: On many boilers, it is also difficult 
between the steam-generating surface and steam-flow output. Unstable level to measure air flow. With the recent 
and the superheating and reheating interferes with the pressure and tem improvements in continuous flue ga 
surfaces is regulated by dampers, tilt perature controls, and thus affects analyzers and sampling systems, ox\ 
ing burners, or other devices. Where economy. Low or high level may b« gen controllers are now being used for 


gas) or al th a direct 
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resetting the fuel-air ratio controls 
Thus, the actual value of excess air, 
is measured by the oxygen content of 
the flue gas, is used for final adjust 
ment 

here is increasing recognition of 
the need to consider the boiler-tut 
bine-generator (BTG) as a single unit 
On many BTG units, load control is 
now applied to the combustion con 
trol system and turbine throttle valve 
in parallel. In many 
load, which essentially determines the 
inputs to the boiler, may be the most 
uitable which 
to balance air flow. 


cases, gencrator 


measurement against 

Ihe block diagram shows a 
ventional feedwater control 
used to maintain drum level at its 
set-point, with feedwater flow bal 
inced against a demand measurement 

steam flow. 

The temperature-control 
include separate loops for the super 
and reheater. Also indicated 
on the diagram is the coupling through 
the boiler Gis, between th 
reheat temperature control 
G,, and superheat temperature. Thi 
is typical of most reheat unit 
often orrelation of 


con 


system 


systems 
heater 


process, 


devices, 


and 


requires careful « 


nt Loops 
————ee e sntrol 
wwe ee Sir contr 
mee eee Superheact ter 
“meocmm Reheat temt 


==e@meme feedwater ci 


the two temperature-control systems to 
prevent the reheat control 
from excessively disturbing the super 
heat control system. Air flow el 
ments, g, and g,, provide preliminary 
positioning of the temperature con 
trol devices on load changes 


ystcem 


System specifications and dynamics 


Changes in boiler design over the 


have been aimed at increased 


steaming capacity, and improved eth 


ycars 


ciency through increased pressure and 
temperature. Emphasis has not been 
placed on the controllability of boil 
ers, except that necessary devices such 
as valves, dampers, tilting burners, ete 

are provided for control. The dynam 
boilers have not 
given strong consideration. Al 
though often the newest, most eth 
cient units initially are “‘base-loaded”’, 


{ ipable 


characteristi of 
been 


they are also required to be 
of operating satisfactorily over a range 
of loads. Guided bi 
i high degree of stability and accurac' 
under steady-state well 


as the need to r pond rapidly to load 


requirement for 
condition i 
change s, control equip nt manufac 


idjust 


\ he nh 


turers have developed a line of 


able system components, which 
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In recorded-int 
machine tool the 
crse: thie 
grammed of 


ontrol 
cutting tool t 


workpicce OVC! i pi 


mation 


predetermined path 

Fes pons to numerical or analog in 
telligence recorded im a perinanent 
medium. Systems have been 


constructed — for 


storage 
controlling milling 
turning, drilling punching grinding 
operation All system 


po thon 


ind hobbing 
require intelligence whit 
those designed for multiple-dimensi 
profiling have the 

! 


ment of coordinate-related rate intelli 


idditional re quire 


MCTICE 


Profiling systems 


In profiling (where continuous two 
or three-dimensional 
be cut), the 
prior to, and 


contour must 
data-handling procedur 
vithin, the control 
tem’s data-handling system is basi 
cally the same for all contemporary 
recorded-information control system 
he chronological ste ps in data prep 
aration ar 

| l'abulate the coordinat 


defined profile or 


of the 
urface from 
the working drawing of the part 
to be machined 

of the 
center-line locus of a= suitabl 
radius cutter, so that the cutter 
will be tangent to the desired 
profile at cach tabulated data 
point 


Compute the coordinat 


3, Compute intermediate data 
points along this locus, as re 
quired by the profile geometry 
or the interpolation order of the 
data system 

At some point following step 1, the 

control intelligence is recorded on a 

permanent-storage for cx 

ample, a physical template, punched 
cards, punched tape, or magnetic tap 


medium; 
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}. Machining from Recorded Information 


HARRY W. MERGLER 


Lewis Flight Propulsion Laboratory 


National 


mation 


nite lige ] 


Lic complexity and infor 
tent of this r 


pe nad 


rded j ( 
on the point in the overall pro 
it which the recording is don 


lhe figure shows the alternate posi 


tions where the control information 
can be recorded, and points up the 
problem | it better to 

omplex 
information and little in 
formation-handling imtelligence at the 
machine tool (System A 


computation and 


following 
onstruct a control equining 


recorded 


whic TC lo il 
imterpolation — ar 
done manually, and there i 
ulation of the 
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1. Converting Non-Gasoline-Range 


Hydrocarbons into High-Octane Blending Stoc! 


The demand for large volumes of 
high-quality gasolines has led to the 
development and commercialization 
of a number of processes for convert 
ing non-gasoline-range hydrocarbons 
into high-octane blending stocks. One 
of these processes is the alkylation of 
olefins (propylene, butylenes, and 
amylenes) with isobutane, using liq 
uid hydrofluoric acid as the catalyst 
As a result of considerable operational 
experience, this process (described by 
Peters and Rogers in Reference 1) is 
currently instrumented so that two 
men per shift can readily and safely 
control production and product qual 
ity. Hlowever, a moderate expenditure 
of laboratory and process-engineering 
time is still required 

Study of the Perco Motor Fuel 
Alkylation Process from a systems-en 
gineering vic wpoint suggests the use 
of additional controllers that can in 
tegrate the several unit operations into 
a closely coordinated, automatically 
controlled process. Included are on 
line analytical instruments and other 
advanced types that will maintain opti 
mum product quality with low operat 
ing costs and without frequent recourse 
to laboratory services 
The process 

Che essential features of the proc 
ess are shown in black on the figure 
Liquid feed containing olefins and 
isobutane is passed through bauxite 
driers and fed into the low section 
of the reactor, while liquid hydro 
fluoric acid is recirculated from the 
settler to the bottom of the reactor 
After the alkylation reaction is com 
yjleted in the reactor, the hydroca 
wonacid mixture flows from the top 
of the reactor to the settler, wher 
the two liquid phases separate. ‘The 
acid phase is recycled back to the 
reactor, while a small bypass stream is 
sent to the acid rerun unit for purifi 
cation by distillation, separating the 
water and acid-soluble oils from the 
acid, The reactor-feed acid-hydrocat 
bon ratio is not critical and is con 
trolled at a selected level between 0.2 
to 1 and 1 to 1. An operating inven 
tory of HF acid must be maintained 
in the reactor, settler, and rerun unit. 
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[he effects of acid depletion and addi 
tion appear as changes in the inter 
facial level in the settler 

The hydrocarbon 
in the settler, containing soluble HF, 
is fed to a deisobutanizing fractiona 
tion column, where the isobutane and 
lighter components are separated from 
the normal butane and alkylate prod 
uct. The soluble HF leaves the col 
umn in the overhead product, pro 
viding the recycle isobutane to the 
reactor. A small bypass stream of thi 
isobutane is fractionated in the depro 
panizer-HF stripper to remove propane 
and recycle upgraded isobutane. Also, 
the HI’ removed from the propane 
stream is periodically recycled to the 
reactor by manual control. 

Since the alkylation reaction is the 
chemical combination of one mol 
cule of isobutane with each molecule 
of olefin fed into the system, sufficient 
“fresh”’ isobutane must be added by 
the two hydrocarbon feed streams to 


le »s ce nse) phase 


match this consumption and the fra 
tionation losses. Also, to direct the re 
action toward high-quality 
number) production, a considerable 
volume of isobutane is recycled within 
the unit, maintaining the volume ratio 
of isobutane to total olefins at the re 
actor entrance at about 5 to 1 (ap 
proximate optimum for 
motor-fuel production). ‘Therefore, an 
operating inventory of isobutane must 
be maintained within the reactor, set 
tler, deisobutanizer, and depropanizer 
In addition, the normal butane and 
propane must be removed at the same 
rate that they are fed to avoid buildup 
in the recycling system 

Although the well-developed and 
simplified process described above re 
flects the efforts of numerous engi 
neers of varied training and interests, 
and the immediate reaction of process 
engineers might be to leave things 
alone, it is not necessarily true that 
suggestions toward better control will 
go unheeded. An elementary suggestion 
would be to reduce the hydrocarbon 
and acid inventory by reducing the 
size of the reactor, settler, deisobutan 
izer, and accumulator vessels. ‘This is 
all well and good if the chemical en 
gineering involved in the mixing, 


(octane 


economic 


D. E. BERGER and W. D. PETERS 


Research & Development Dept. 
Phillips Petroleum Co. 


phase-equilibria, and phas 
teps is carefully considered. It would 
be folly to design a proce o that it 
could not withstand “‘normal transient 
disturbances,” or that, while it might 
be operable at design conditions, it 
could not be brought into initial opera- 
tion. 


epal ition 


Proposed additional controls 


Inventory and material balance con 
siderations suggest several additional 
controls. These controls are needed to 
compensate for transient disturbance 
resulting from 
stream volume and composition, and 


variation in feed 
to a lesser extent from variations in 
process heat balance. For 
the process is divided into the two 
primary circulation systems 

HF Acid System (See Figure | for 
revised instrumentation and identif 


simplicity, 


ing symbols 

A-1. Measure HF inventory (level 
in settler by strain-gage weighing, and 
control addition of fresh HF by 
charge pump operation (on-off control 
is suitable) 

A-2. Measure acid charged (if de 
sired for accounting) by 
weighing of fresh acid charge tank 

A-3. Electromagnetic flowmeter 
are recommended for metering acid 

A-4. Analyze recycle HF acid purity 
(for water or acid-soluble oil content 
and control feed rate to acid rerun 
unit through a cascaded 
the heated acid charge 

A-5. Analyze for water concentra 
fion m hydrocarbon streams entering 
reactor for purpose of HI 
omy and corrosion protection. Manual 
control of water separators and baux 
ite driers is probable course of action 

Hydrocarbon Feed and Fractiona 
tion System 

B-1. Control propane removal by 
analyzing overhead 
product (for propane concentration 
and cascading over th« 
feed-low controller 

B-2. Control deisobutanizing col 
umn with two analytical instruments 

B-2a. Analyze for isobutane con 
centration between feed entry and 
reboiler; contro] the heat input to 
the reboiler by cascaded system 


strain-gage 


ystem Ove! 


stream 


cid econ 


deisobutanizer 


depropanizet 








B-2b. Analyze for normal butane 
concentration between feed entr 
ind column overhead; control 
flux rate by cascaded system 
These control analyses limit both 

the loss of isobutane with the normal 
butane-alkylate stream and the con 
centration of normal butane in the 
recycle isobutane stream, thereby con 
trolling normal butane removal. Some 
flexibility is required in the deiso 
butanizing column to accommodat 
changes to the fractionating duty’ 
B-3. Compute the isobutane to ol 

hin ratio from stream composition and 
volume information. By proper mani 
folding and mixing of the reactor hy 
drocarbon feed streams, this ratio can 
be determined from analysis of iso 
butane and total olefin concentration 
ind matlicmatical combination with 
the flow rates is not necessary hie 
ratio is recorded and cascaded over the 
fresh isobutane feed-rate control 


Svstem dynamics 


Little is presently known about thi 
circulation-system dynamics of an Hl 
ilkylation unit. It is felt that adequat 
knowledge could be developed from 
analog simulation® and well-designed 
full-scale experiments. Several of the 
proposed control systems, A-4, B-1] 
ind B-3, will probably be very slow 
ind characterized by long dead time 
making cascaded systems imperative 

Considerable investigation has al 
ready been made of fractionation b 
havior ee page 120), which may be 
further developed for the dual anal 
sis-control system proposed in B-2 
Most of the proposed analytical in 
struments have already been devel 
oped and need only be adapted t 
these specific uses. It will probably bi 
difficult, but not impossible, to de 
velop the acid analyzer, A-4 

Since this systems approach to pro 
ess coordination and control has not 
yet been accomplished, it cannot be 
positively stated that it will be oper 
ible under demanding plant condi 
tions. Nor can any statements be mad 
concerning large economic gain. How 
ever, in the past, the judgment of 
engineers and scientists regarding the 
value of analytical instrumentation 
has proved conservative 
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5. Controlling a Business Process 


When 
used to “control” a busines process, 
the business should operate more ef 
ficiently and at a greater profit. ‘To 
accomplish this, the peed and accu 
racy of handling clerical operations 
(such as payroll, premium billing, in 
ventory tallying, and subscription serv 
icing) must be increased, and decision 
influencing action information (such 
as sales estimates for 
based on past performance and 
weather prediction, and the optimum 
location of a new plant) must be up 
plied to management fast and in 
readily understood Over the 
years, Clerical operations have been 
implemented by hand calculators, ta 
bulating systems, and 


a data processing system 15 


Summer weal 


form 


now clectroni 
data processors with their auxiliary 
equipment. At the same time, the 


ficld of “operations research’ has 
benefited by the development of high 
speed computer required to solve the 
vast and highly complex statistical 
problems involved in determining ac 
tion information 

As data-handling equipment has be 
come more powerful, it has becom 
increasingly important to consider th 
business operation im its 
modifying the operation to suit the 
characteristics of these new tools, and 


to some extent modifying the design 


entirety 
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of equipment to better handle particu 
lar busine 


processing 


operation uch as file 
The point is just being 
reached where computer designers ar 
busine 


beginning to understand 


problems, and busines tems pet 
sonnel are becoming familiar with the 
capabilities and characteristics of data 


processing Cquipment 


The problems of business systems 


Krom the outset, the 
tems engineer is confronted with prob 
lems peculiar to this field 
there i 


busin 


loo often 
that 
can clearly define the operation to b 
controlled, and usually the 
data-handling system 1 
redundant, ‘he systems engineer must 
himself what the 
system must be able to do. In doing 
so, complications are encountered 

© Not only is this a feedback 
problem, but it’s a complicated one 
with many loops in th 
ure | shows this; also see Reference 
© Due to the interrelation of the vai 
ious departments, it 1 


no one within a busines 
prese nt 
rambling and 


define for control 


control 


ystem. lig 


impossible to 
mechanize just on operation within 
a business and end up with an accept 
ible control system Ihc 
must be looked at as a whol 
Not there a multitude of 


feedback loops, but there is also a 


busine 


only 1S 
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multitude of control signa that 
change the tate” of tem (som 
of which are not alwa Dp ent 
> lher are no continuc ignal il] 
information is transmitted as discret 
messages, and the data-proc ing 


tem is time-shared (making it difhcult 


to simulate the pro inalog 
computer 

No acceptable trans! function 
have been developed for representing 
the different busin operations. For 


instance, the 
a machine 


input-output function of 
hop in a job-shop produ 
tion operation 1 ery nonlinear and 
very complex invol inf ing stn 
binatorial problem with such things a 
breakdown of machine tool 

rejection of parts at inspection, ct 
> V here ire 


tions for desirable dynami 


I indom 


no quantitat pecinca 


haracter 


istics. For example, when a customer 
submits a purchase order change, it 
often takes three to six weeks for th 


information to reach the production 
department, ind then n time to 
put the change into effect. Unde 
uch condition management onl 


isks for something bette: 
Faced with the 
business 


ition the 


ystems engineer must f 


omph 


necessity follow an exploratory design 
procedure. ‘The first two tasks are t 


define the controlled proce ind to 


FIG. 1. Major feedback 


ma produ tion operat 
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levels of people within the tem 
engineer finds out what the peopl 
doing. ‘Then he attempts to find out 
why they ar what they ar 
doing \ discrepant KK ire LCOS 
cred, hi talk often 
taking measurements of hi 
own) 
obtained of the physical problem thi 
organization is trying to solve 

It often comes as a that 
two apparently in th 
of business, are actually at 
tempting to solve somewhat different 
physical problems. For example, th 
two companies may offer different dé 
customer serv These a 
the usually not 
apparent from a superficial description 
ot that the control 
systems in the two companic 
different. So far, there is no 


iged”” management control system 


doing 
igain to peopl 
yOTL 
Gradually, a clearer picture i 


urprise 
companies, 
same line 


grees of 
pe ts of 


ice 
problem, 

a business, mean 
must b 


pack 


The system design procedure 
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considering thi 
how 
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chart, Figure 
short-run 
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whole firm; Figur 
i typical organization chart. He 
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nneer must in detail the data 
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the different t pes 
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what files it i 
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FIG. 1. Thickness control on one 


stand of a steel-rolling mill 


Production of strip and plate steel 
entered a radically new era with the 
advent of four-high rolls and tandem 
mills The requirements of high 
squeeze pressures and small-diameter 
rolls, both for greater ‘bite’, are not 
compatible, since these pressures dis 
tort and deform the rolls, But by 
backing up the relatively 

meter work rolls with large 
rolls, both requirements 

met. In addition 
sive stands in tandem — reduces 
handling difficulties and, for the cold 
rolling of steel, permits the use of 
high tension and thus increases the 
draft at each stand (there 1s 
though, that a product 
rolled without tension may be superior 


mall-dia 
pressure 
could be 


placing succes 


some 
indication, 


to one rolled under high tension 

\t high speeds, where the material 
is traveling at speeds ranging from 
2,500 to 10,000 ft per min and leaves 
the last stand less than 2 sec after 
entering the mill, the problem of co 
ordinating the mill functions of the 
Usually 
little attempt is made to maintain on 
gage product during threading, accel 
eration, deceleration, and mill slow 
downs. Actually, a mill may be func 
tioning only a portion of the time, 
frequent shutdowns being due to 
cobbles (material wrecks), roll changes, 


several stands becomes acute 


116 CONTROL 





ENGINEERING 





6. Rolling Slabs into Si] 


weld breaks, and the like, and the roll 
ing of off-gage product because of in 
put variations in the thickness and 
metallurgical properties of the steel 
However, the overall rolling efficiency 
is good due to the high productivity 
during the periods when the mill is 
operating normally 

All of these factors are natural in 
centives toward the use of automatic 
controls unencumbered by human 
limitations. However, user reluctance 
still dictates that there be no distur- 
bance of existing parameters and that 
the transfer to manual operation be 
accomplished at any time without 
deviation from present rolling prac 
tice. ‘Thus, present mill-control sys 
tems must still be designed to operate 
through conventional manual control 
equipment. As shown by the control 
systems discussed later though, it is 
feasible to apply individual elements 
in a step-by-step manner and develop 
satisfactory (if not optimum from an 
overall-process viewpoint) completely 
automatic systems 

Like many other industrial plants, 
existing steel mills restrict tests to 
determine their dynamic characteris 
tics to the acquisition of statistical 
data or the application of only small 
disturbances to normal operation. Op 
erating personnel and management 
are reluctant to interfere with the 
high productivity of these mills. Even 
with these limitations, however, suffi 
cient data have been gathered or 
estimated analytically to permit analog 
studies of the mill and controls as a 
complete system, which, if they do 
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not influence the design of the mill 
to improve its controllability, at least 
lead to the design of a near-optimum 
control system to go with an existing 
mill design. Correlation between the 
estimated input-output function of 
the rolling process and the actual 
characteristics as determined by test 
has been good 


Mill-control systems 


Figure 1 shows a relatively simple 
system, including screwdown contro] 
on the first stand to maintain a re 
quired thickness. A noncontact x-ray 
thickness gage measures the trip 
thickness leaving stand 1. The tacho 
meter coupled to this same stand de 
velops an output voltage proportional 
to speed for use as a permissive safety 
signal and to indicate the transit 
time of the strip. ‘The load shunt 
measures the load on stand 2. ‘The 
correlators convert each of these sig 
nals to a usable voltage proportional 
to the magnitude and polarity of the 
input function, and 
clude a_ rate-of-change component 
The output of the correlators is then 
compared with the commands from 
the programming element and with 
the permissive safety signals in the 
decision element, and the resultant 
control signal is transmitted through 
the controller to the screwdown actua 
tor. ‘Thickness is adjusted on the pro 
grammer, 

When the strip thickne 
from the desired value, the 
ponding error signal controls a pulsing 
system in which the “on” time is a 
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FIG. 2. Five-stand mill with thickness control of Figure 1 on stand | 


and speed control of thickness on stand § 














FiC.. 3. ¢ ompletels integrated mill 


function of the magnitude and rate monitoring 
of change of the deviation, and th resenting 
off’ time is a function of the transit tion of th 
time of the strip. This controls screw formation 
pressure to maintain uniform thich ! 
ness leaving stand |. Permissive safet 
circuits permit the screws to operat 
only when the thickness gage is fun 
tioning, automatic control i 1 ontinue 
the speed of stands 1] and 2 abo mand 
predetermined values, and the devi f 
tion error is less than plus or mim nabling 
15 percent make additior 
These functional control in be rection nt 
extended to more than one monitoring the 
Figure 2 show i system with I Continuing 
down control as described above ontrol functior 
with peed mtrol added to the ntegrated 
stand, operated ind regulated | ‘ ten 
econd thickn gage at the outpu crewdow 
of the mill. This control can b requiremet 
dupli ite of the rewdown contr ind the 
pulsing the motor-driven field ( vithin 
last-stand drive motor 
be preferable t 
tem ontrolling a 
o output-thickness deviation 


thi point note that 


tems no additional chang: 


made inte i orrection until 
of thi orrect ] 
he 


mill 


*) 


kr hange 

preciabl In fact, the first correction 
in be obsolete immediately after the 
correction is made, or even be com 
pletel n error because of succeeding 
erratic thickness variations. To follow 
these deviations directly, the ystem 
must transmit the appropriate corr 

tions to the mill and reset its own 
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(. Controlling Submarine Depth 


Contrary to popular opinion, sub 
marine depth is controlled primarily 
by the planing action of control 
hydroplanes (somewhat as aircraft al 
titude is) rather than by buoyaner 
changes. ‘The stabilizing and unsta 
bilizing forces and moments that con 
tribute to the general “controllability” 
of a submarine are functions of speed 
and depth as well as of the angle of 
attack of the hull. Cross product 
couplings of these forces and moments 
complicate the hull dynamics. Unlike 
aircraft, however, submarines are often 
controlled by several men, and thus 
require closely coordinated effort. Un 
derwater navigation, primarily done by 
instruments and usually at relativel 
high speed, is particularly dangerou 
is dion Bod 2 waters, Because of 
human limitations, instru 
ments, controls, and hull dynamics are 
being closely studied by systems engi 
neers, psychologists, hydrodynamicists, 
and operations research groups 


r¢ SpOTs 


‘The system elements 


Ihe hull is the “plant” to be con 
trolled, and, as with most processes, 
the design of the 
(that is, hydroplane servos, instru 
ments, and controls) depends on the 
hull dynamics. Although relatively lit 
tle is known about the coefficients and 
terms of the dynamic equations, the 
pressure from 


ancillary systems 


increased operational 
problems brought on by high speed 
has prompted a great deal of work in 
hull systems (with accompanying diff 
culty and Results from 
model and water-tunnel experiments 
have been reinforced with elaborat« 
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computer studies, and today, sufficient 
information is available to rough out 
the problems for the tems engineer! 

Basically, the hull dynamics can be 
described by a set of six simultaneou 
integrodifferential equations, one in 
cach mode of freedom, having inet 
tial, damping, and _ position-sensitive 
linear and nonlinear term Ihe po 
sition-sensitive and damping terms 
can be negative or positive, depending 
on speed and initial conditions 

Ihe control forces and moments 
result mainly from water motion across 
movable hydroplane ligure 1. Both 
bow and stern planes control depth 
Stern planes have a powerful effect 
(gain), since the propeller wash flows 
across them. Bow planes have a vat 
iable effect (gain) because of the var 
ing speed and angle of approach of 
the water flow lines. Nonmovable hy 
droplane effects, hull appendages, and 
axial and longitudinal distribution of 
buoyant forces contribute other forces 
and moments 

I'here are two aspects to the depth 
depth keeping and 

Phe depth-keeping task dé 
on the required depth-keeping 


control function 
diving 
pend 
precision, which is limited by operator 
fatigue, 
and the conservation of energy (that 


psve hological considerations 


is, large deviations of plane angle r 
sult in considerable loss of propulsive 
and servo-hydraulic energy). Precision 
and conservation of energy depend on 
the ability of the operator or his in 
strumatic aids 
control-surface use during operational 


unstable hull dynamic 


to compute optimum 
mode S wher 
equations cause hydrodynamic disturb 


inces. ‘The operator must produce the 
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Forces and moments acting on the submarine hull 
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control-surface moments that contrib 
ute the necessary stabilizing terms to 
the total system dynami 

The diving capabilities depend on 
the stability of the hull and the para 
metric limits of its excursions. The 
criteria are speed of response, and 
tability of response to depth change. 
Submarine diving-response curves are 
similar to those of underdamped sec 
ond-order systems. Overshoots result 
ing from steep dives may cause the 
ship to broach and expose itself or 
strike the bottom. Since speed of re 
sponse is a_ criterion, maximum 
‘saturation” values of downward angle 
are used. The resulting dynamics are 
similar to those of 
trol systems 


“contactor” con 


Both the depth-keeping and diving 
functions can be improved by better 
hull design. Recent efforts have 
greatly improved hull dynamics by re 
ducing unstabilizing coefficients and 
cross-product terms. A completely 
‘table hull design is not an unreason 
ible possibility. 

Although it has some major disad 
vantages, another approach is to use 


a completely automatic depth-control 


ystem. The disadvantages of com- 
plete automatic control are twofold 
human operator with proper aids 
may be a far more effective depth 
controller than currently conceivable 
devices; and operating on automatic 
most of the time reduces the training 
level so that the operator is not ex 
perienced enough to take over when 
the automatic system fails 

On older ; 
pairs of diving planes had separate 
operators: one trying to maintain 
depth and the other trying to keep the 
hull level. ‘This functional division 
insured coordinated effort in main 
taining stability, since each man wa 
trying to stabilize the system in a 
different way. Although analysis shows 
that this system had excellent charac 


submarine the two 


teristics, new hull configurations and 
higher speeds have led to single-opera 
tor ratioed controls 
stern 


where bow and 
operated with 
different sensitivities from one control 
member). ‘The ratio 


planes are 


in be changed 
by the operator to suit the opera 
tional mod 

Former instruments displayed only 
the magnitude of the variables affect- 
ing vessel dynamic behavior, leaving 
it to the operator to remember “set 


points” and to mentally compute the 











proper actions. Recently, instruments 
been studied that will compute 
the errors in the variables, the rate of 
change of the variables, or more com 
plex combinations that actually indi 
ite the optimum plane angles for any 
given siutation. 





have 


Submarine dynamics 


l'o examine the effect of an ordered 
hange in depth, assume constant for 
ward speed, initially zero plane angles 
ind no rolling or turning effect 
Upon receiving a dive order, the op 
crator pushes the control member for 





ward. ‘The servo systems rotate the 
bow planes to produce a downward 
force on the bow, and the stern planes 
to produce an upward force on the 
tern; the result is a total bow-down 
ward moment on the hull. This force, 
limited by the inertia and damping 





FIG Simplified ind linearized block diagram of 


in two degrees of freedom (depth and tim anglk 
moments of the hull, produces a bow I 


downward angular acceleration about 

the axis of the hull. The operator ety 

in sense the angular acceleration by (ordered deptt 
his balance senses, and mentally cal aoe ie 
culates a “lead” plane-angle mov nn 


ment that produces a_ decclerating 


Centro 
servo 
dynamics 


instrument > Human 

upward moment. ‘This yields a con > disploy > operator 
stant “down-angle” dive. Before th¢ ” 
end of the dive the operator again lt esthet 
moves the planes to exert an “up” 
moment on the hull, and, if he properh _ 
computed the lead time, a stable pull FIG 
out results. Since the time constant 
are large, there is a great possibility of 
miscalculated lead time by 

With single-operator stick-control 
1 ratio control sensitizes the bow 
planes by moving them through a 
greater angle, 6b, than the stern 
planes, 4s, for a given control angk 
ligure 2. Lags are introduced becaus 


Mull 
dynamics 


3. Lhe submarine and its environment 


including th oss-coupling m I] I netimes tenu 
ments and fore from the other 0 ( setpoint or op 
modes ot freedom, nonlinearitic crational d } on the ubmarine 
caused by large change in param i 1 weapon | mine a portion of 
eters, and nonlinear cross-product the disturba ith which the 

terms between mod Perhaps th tem must hese demands, a 
most troublesome ire the cro vell a ra i it topolog ma 
of the large masses of machinery thi product term An example is th ise imperf hull dynamics which 
plane servos must move, and becaus roll that occurs when a turn is mad n turn lis t nargin of stabilit 
of the large amount of water damp 


} 


causing the rudder plan to have obtainab] i ivin ind turnin 
ing. In the block diagram, the forc 1 slight diving effect and the di haract istrumentation or 
ind moments created by water pa ing plane to steer slighths A ver mun roblems limit the 
ing over the planes are summed with tical control surface (dor fin) of knowled; ( x can obtain 
other forces and moments arising correction tabs can help eliminate th from the hile the operator 
from the rate of change of the div roll, or better yet, the hull itself ma | tim 1 required for the 
gle, @, the dive angle itself, and th be designed to balance out the mo fasi then one area without 
rate of change of the normal velocity ments that cause the roll during ; ngthening all area 
vector, w. This sum accelerates the turn. Still another possibility is 
hull in the direction of the normal introduce anti-cross-product terms in 
velocity vector, w, and in the dire the control servo It must be em 
phasized, however, that practically all p gain and time 

the coefficients are actually function tant of stern-plane servo 
sulting acceleration ire basicall ok inne tap uae daeaiien eiatinn. Chee } closed-loop gain and tim 
ypposed by the viscous damping of nate +! stant of bow-plane servo 
the water. The integral of the rate CES UERONIES VERS TOE ONS OpeD M,, Mo, Ms, M er e of moment 

may be detrimental at another speed component , " 
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Distillation separates the compon 
ents of a liquid mixture by virtue of 
differences in their volatilities. Appl 
cations range from the separation of 
complex mixtures into product frac 
tions, as in a petroleum crude still, to 
the recovery of pure compounds from 
their mixtures, as in the production of 
oxygen from liquid air 
The distillation process’ 

Continuous distillation is performed 
in a rectifying or fractionating column, 
Figure 1, The column consists of a 
vertical stack of plates or trays that 
promote intimate contact between ris 
ing vapors and descending liquid. ‘The 
mixture to be separated enters on some 
intermediate “feed’’ plate and over 
flows through a weir leading to the 


plate below his is repeated on 


Coolant 


( Condenser 


Condensate 


fonk 


Distillate 
product, 


hy 
Feed plate 


Stripping 
section 


} Vapor 


Bottoms product, 


Heat Input 


$ 


Liquid 


Mol fraction of “light” 
component in the feed, 
distillate and bottoms 
product respectively 


FIG. 1 


Simple fractionating column 
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down the column Adding heat in 
the base of the column or in a sepa 
steam or direct 


rate reboiler (from 


firing) generates vapors that rise step 
wise up the column by condensing 
on each plate and vaporizing an 
equivalent quantity of liquid. The re 
sult is twofold: a progressive enrich 
ment of the vapors passing up in the 
light’’ component, and a correspond 
ing concentration of the “heavy” com 
ponent in the liquid passing down 
Ihe vapors from the top plate go 
into a condenser, with part of the 
drawn off a 
product or distillate I he 
(or reflux) returns to the 
to imerease the 


condensate overhead 
remainder 

column 
concentration of 
Ihe liquid from 
the bottom plate passes into the re 
boiler, where part of it is vaporized 
and returned to the column, and the 
rest drawn off as bottoms product. 

\ composition profile is established 
over the column according to the rela 
tive liquid and flows he 
McCabe- Thiel ligure 
is a graphical method for determin 
ing this composition profile. The dia 
gram consists of several curves: A, 
equilibrium curve; B, y equals x diag 
onal; C, operating line for enriching 
section (above the feed plate); and D, 
operating line for stripping section 
(below the feed plate). The equilib 
rium curve gives the relationship be 
tween the compositions of the liquid 
ind vapor streams leaving a plate, as 
suming them to be in equilibrium 
When this equilibrium curve is com 
bined with the operating lines, the 
compositions on each plate can be 
determined from that of the one 
above (or below). The 


“light” component 


\ Apo! 
diagram’, 


staircase con 
struction in Figure 2 shows the proc« 
dure. Each step denotes a plate 


Control system 


system must maintain 
(for uniform prod 
particular composition 


The control 
column. stability 
ucts) and 
profile (for products of the spe ified 
composition). Thus the control must 
fulfill the following major functions 
material balance, energy balance and 
composition contro] 

Material Balance—For material bal 
ance, each comporne nt im the feed 
must appear in the 
tions in the product streams 

lhe simplest approach is to use a 


propel propo! 


feed tank with enough 
everal hours’ to 


ipa ity for 
cvel il d 1\ 5” ope Ta 
tion. This provides long periods of 
constant input and makes manual ad 
justment of column operation feasi 
ble. The disadvantages of this method 
are the cost of the storage facilities, 
inflexibility of the system, and the 
large in-process inventory 

A second method is to control th« 
ratio of the product flows to the feed 
flow. But since the ratio depends on 
the composition of these flow streams 
the ratio setting must be adjusted 
either manually or automatically a 
operating conditions chang 

Energy Balance—A_ balance 
be maintained between the 
plied to the reboiler or base of the 
column and the heat removed in the 
condensers and dephlegmator The 
heat input determines the reflux ratio 
ratio between reflux and _ product 
flows) to which the slopes of the 
operating lines of Figure 2 are r 
lated Ihus, increasing the reflux 
ratio increases the slope of Curve C 
and decreases that of Curve D, thereby 
moving the operating lines away from 
the equilibrium curve and increasing 
the degree of separation 

rhe heat input to the column may 
be controlled in terms of the pressure 
drop across the column; however, 
the relationship is affected by other 
factors such as feed flow and condi 
tion of the plates. Preferably, th 
steam or fuel supply is flow-controlled, 
with the set-point adjusted manually 
or reset automatically by the level in 
the condensate tank to maintain a 
constant reflux ratio 

Heat removal is not 
as there is an excess of coolant (as 


must 
heat sup 


critical as long 
suming overhead product in liquid 
form). The coolant may be water, a 
process stream (to be preheated), o1 
i combination of both 
four ways to manipulate the coolant 
flow: manual control, condensate tem 
perature control, subcooling band con 
trol, and pressure control 
Composition Control—Th« 
important part of the 
is the composition controller, for it 
serves to compensate for the 
factors that alter the 
energy balance 


There are 


most 
control system 


Tran 
material and 
relationships, such as 
changes in feed composition, column 
heat losses, side draws, composition 
gradients across the plate, et 





mol fraction of light component in vopors 
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x mol fraction of light component in liquids 


FIG, 2. McCabe-Thiele diagram 


Ihe ideal procedure is to measure 
the composition of the product 
streams directly, and vary column op 
reflux ratio, 
to obtain desired performance. How 
limited by lack 
of satisfactory analytical instrument 
and th« 


erating conditions, say 
ever, this approach 1 


low rm pOTs¢ of the product 
streams to changes in operation. 
Measuring plate composition is an 
other method [his measurement, 
usually in terms of plate temperature, 
is valid if the pressure on the plate 
is constant and only two component 
are involved, Controlling the averag 
composition on one plate fixes 
on the McCabe-lhick 


on Figure 2) 


i step 
diagram (Xx 
limiting the 
range of variation of the product com 
position. However, variations in pres 


thereby 


in the mix 
ture will alter the temperature-compo 
sition relationship. ‘The situation can 
be improved by controlling the pres 
sure on or near the plate in question, 
or by measuring vapor pressure in place 
of temperature’, 


sure or other component 


Recently, automatic analysis instru 
ments have been used for composi 
tion control, particularly in the pe 
troleum and petrochemical fields* *. 

l'ypical instruments are the infra 
red analyzer 
refractometer 


mass spectrometer, and 

These provide moré 
precise composition measurements and 
ure applicable to mixtures of more 
than two components; however, the 
sampling problem with its attendant 
delay imposes some limitation 

Auxiliary Controls—These include 
the miscellaneous control actions that 
fix “environmental” conditions 
A typical system 

Figure 3 shows a workable two-com 
ponent — distillation 
“light” and component 
drawn off the condenser and reboiler 
respectively, The distillate and to 
tal condensate flows ar 


system’, with 
“heavy” 


ratio-con 


trolled to the feed flow. Ihe output 
of a composition controller (located 
near the top plate idjusts the ratio 
xtween feed and distillate flows to 
mipensate for changes im composi 
tion profile. This 
ously adjusts the reflux ratio in the de 
A more sophisticated 
approach would use two composition 
controllers, one in the enriching and 
the other in the stripping section, with 
one used to adjust teed-distillate ratio, 
ind the other reflux ratio 

Steam to the reboiler is set by the 
level controller output 
(suitably filtered \ reboiler level 
controller scts the bottoms product 
flow, and 


by the column pressure control 


iction simultane 


sired direction. 


condensate 


cooling water flow is set 


Column dynamics 


A fractionating column exhibits ex 
tremely poor response characteristics, 
making control rather difhcult if not 
somewhat arbitrary Lhis is due to 


the very complex vapor-liquid flow 
ind composition relationships that r 
sult from the plate by-plat 
operation Thus, there are the fol 
lowing factors to contend with in 
developing a stable effective control 


> Very slow r sponse, due to tin 


ste pwisc 


lags associated with each plate, th 
condenser, and the reboiler, and dead 
time in transporting liquid and vapor 

P Very nonlinear behavior, making 
the optimum control response quite 
different for a small disturbance than 
for a large disturbance 

P Stability characteristic 
with respect to the direction the com 
position profile is 


changing 


changing. ‘Thu 
the column responds differently when 
the composition controller calls for 
in increase in reflux ratio than when 
taken This 1 


in reboiler and con 


the reverse action 1 
due to differences 
denser lags and their effects on thi 
rate of change of plate composition 
as well as to the different respons 


characteristics of liquid and vapor 


ictions on the composition profil 
The inherent complexity of the 
tem makes even an approximate di 
namic analysis difficult, although some 
recent results have been obtained with 


the aid of a digital computer’ 


Areas for improvement 


Control engineers, concerned about 
the madequaci ind limitations of 
olumn control systems, are 
investigating the following two area 


| Proce 


improved response 


existing 
) 


leading to 
characteristi 


column ire com 


s deve lopm« nt 


olumn design 


monly overdesigned to compensate 


for poor ontrollability or because of 


insufhcient knowledge of performance 


diminishing the size 
if plate decreases lag 


characteristics; 
ind number 


re boiler 
of the 


Mh hara teristi 


may lead t ill response 
Det yation Oo proce ad 
namics pre retical base 


for the dé optimum-perform 


ince cont m location of 


measuring arse 0 ol clement inter 
relation hay . ec lumn variable 


CaM ided Cv mputer ck 


ments in the 
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THE GIST: To be able to design a closed-loop control system, the control 
engineer, in cooperation with the process designer, must specify the desired 
performance of the system in clear and strict terms. There are upwards of a 
dozen specifications used for this purpose. Some of the specifications are sim- 
ple stability or accuracy specifications. Others attempt to define the overall 
performance of a system. The accompanying table lists the eleven most com- 
mon specifications, discusses their suitability and how to calculate them, com- 
pares them, and points out loopholes. As a practical example, each specifica- 
tion is calculated and evaluated for an aircraft propeller pitch-control system. 


How to Specify the Performance 
of Closed-Loop Systems 


JOHN E. GIBSON 


Dept. of Electrical Engineering, Yale University 


A typical closed-loop system is usually required 
to meet at least three performance specifications: a 
stability specification, an accuracy specification, and 
a speed-of-response specification, ‘These three basic 
criteria are sometimes specified separately, and some 
times lumped together. In addition, there may be 
other requirements that must be met, depending 
on the application, but in all cases, the specifica 
tions are simply attempts to characterize system per 
formance by a single number. ‘Therefore, actual 
performance may be quite different from that pre 
dicted by a certain value of a particular specifica 
tion. ‘The system designer should be aware of thes« 
loopholes. 

Most of the various specifications have been devel 
oped for a certain design method and apply exactly 
only to a simple quadratic system. And since all of 
the specifications are more or less rules of thumb 
when extended to more complex systems, it is difh 
cult to establish a one-to-one correspondence between 
any two specifications of the same type. However 
general relations can be made and the limitations 
of individual specifications can be given, as indicated 
in the table located at the end of the article. 
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Analyzing a Typical System 


l'o give some physical feeling to the specification 
listed in the table, and to show how to compute 
them, the correlation between them, and what they 
mean, consider the aircraft propeller pitch-contro! 
system of Figure 1. This system maintains constant 
engine speed by varying propeller pitch to maintain 
constant load. Desired engine speed is set by adjust 
ing the tension of the flyweight loading spring o1 
“speeder spring”. The flyweights are geared to the 
engine and produce a force that is opposed by the 
spring force. ‘The axial position of the force-transmut 
ting element between the spring and the flyweight 
is assumed proportional to engine velocity. (Although 
centrifugal force is a square-law effect, this assump 
tion is justified if the spring is made nonlinear and 
the operating range is relatively small Any dif 
ference in these two forces moves the piston of the 
hydraulic pilot valve: up for overspeed and down for 
underspeed. ‘Through sliding connections the pilot 
valve feeds the power cylinder located in the propelle 
hub. The stroke of the cylinder acts through a cam 
and bevel gears to change propeller pitch. If the 
pitch is decreased, engine load decreases and the 
engine speeds up. 

l’igure 2 shows one possible block diagram for thi: 
system. The transfer from flyweight force to pilot 
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1. Schematic of aircraft-engine speed-governing system. 
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FIG. 2. Block diagram of pitch-control system. This is only one 
of several diagrams that can be used to represent this system. 


valve position is that of a simple damped spring-mass 
system, where M is the mass, B is the damping con 
stant, and k, is the spring constant. ‘The ratio of 
hydraulic flow to pilot-valve position is considered 
constant. Since a constant flow into the power 
cylinder results in a constant change in power-piston 
position, the power piston is represented as a pure 
integrator. As a first approximation, the aircraft 
engine can be represented as a simple time constant. 
The transfer around the loop can be found by multi 
plying together the transfer functions of each of the 


individual blocks representing the loop components 


{ . 


( V Ik ' 
ky ky ) 
where k = product of all the gain constants 

7’ = engine time constant 

8 = Laplace transform operator 
For this particular system assume that the constants 
are such that 

kh 


A 
(1.2x10%*2 +34x 10" 
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Three Ways to Analyze System Performance 


rom feedback theory, the transfer from input to 
output 1s 


oul A 
in 1+A 


Ihe transient re sponse of the system depends on the 
roots of the characteristic equation of the system, or 
the denominator of the transfer function (1+-A). 
All of the various stability criteria are based on 
examining (1+-A) for positive and negative roots 
If all the roots are negative, the transients decay and 
the system is stable : 

‘Typically, three specifications are used to describe 
the desired performance of this system. First, a 
stability specification, which might take the form of a 
gain margin of 10, phase margin of 45 deg, or damp 
ing ratio of 0.7. Second, an accuracy specification : 
the system might be required to hold any set rpm 
with zero steady-state error. And finally, a speed-of 
response specification: perhaps the system might be 
required to settle out in 1 se 

While these specifications are not independent, 
it is usually convenient to consider them one at a 
tin In some cases, it is possible to meet system 
specifications simply by properly adjusting the loop 
gain constant k, Usually, however, the requirements 
are so rigid that this primitive approach is not suc 
cessful. If this is so, it may be necessary to redesign 
the system, or modify performance by installing cor 
rective networks 

Ihree common diagrams are used to analyze 
closed-loop systems: the Nyquist diagram, Figure 3; 
the Bode diagram, Figure 4; and the root-locus plot, 
Figure 5 (all plotted for the system described by 
K.quation 2)'*. ‘The various specification criteria can 
be determined from these diagrams as explained in 
the table 

The first four columns in the table define the 
specification under consideration and point out its 
loopholes and its correlation with other listed speci 
fications. ‘The fifth column indicates how to calcu 
late this specification for the propeller pitch-control 
system, and the sixth column points out the meaning 
of this computed value as applied to this particular 
system. 

or example, if k equals 10, the Nyquist diagram 
shows that the phase margin is 18 deg (see Item 2 in 
table). Furthermore, the gain at which the Nyquist 
diagram actually crosses the negative real axis is about 
0.033, Thus the gain margin is 30; that is, the gain 
can be increased by a factor of 30 before the system 
actually becomes unstable (see Item 1). From the 
root-locus plot of the system, the damping ratio is 
about 0.15 for k equals 10 (see Item 4). The low 
phase margin and low damping ratio indicate that 
the system is rubbery and will overshoot several times 
before settling out 

The steady-state accuracy for various inputs can 
also be found by examining the loop-gain function A 
Since this is a class | servomechanism (one integra 
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FIG. 6. Response of system to a step function of rpm 
tion ), it will follow any set rpm with zero error. ‘The about 60 percent (see Item ( ind can also be 
system error in response to any other type input reduced by proper damping lhe system can be 
can be found by using the final value theorem as stabilized by simply lowering t gain constant 
discussed in Item however, the steady-state accura cirecth propor 
Figure 6 shows the response of this system to a tional to the gain constant i thre tem 
step function of rpm, used to determine whether becomes more stable (from it also 
the speed of response specification 1s satished. ‘Thi becomes slower Thus the tinrne ises and 
can be plotted from Equation 3 by letting the input probably the settle-out time wil 
be a unit step, 1/s The quadratic term 1s neglected In the table, the variou tem speci 
since it has little effect on this calculation (because hcations are defined and ompar lor imstanec 
of high frequency quadratic roots). It has been since phase margin, M_ peal mstant, and 
carried this far merely to show that the system will damping ratio are all stabilit fications, they 
be unstable if gain is raised by a large factor should be related to one anoth Hows ertain 
A 10/(#-+1) ( | ystem in meet one or two of ft | ihcation 
& (out 1 + epee 1+ 10 +1) ( g i ind fail to meet the other | be e each 
of the criteria measure on that is related 
Clearing the fraction and factoring the denominator be atabiitte. cother than stebilil | bil 
§ives these criteria are simple md ai tem 
10 that are not idequately repre tabilit 
L (oul —- - r- . . ’ 
(s + 0.5 + 73.12) (8 + 0.5 73.12 criteria 1 hve exceptions ar 
Using the partial fraction expansion In the table, A is the mn ' A ows 
It i ometinn referred to as t the 
£ (out) io ke \ open loop or thre open-loop t \ | ) 
8 +05 + 73.12 or more exactly, a unity feed! that 
k, k the output | directs fed back a ubt d trom 
4 : 6 
0.5 73.12 the input lor a unity ratio t the ifput put 
( yT )\ ( a) 
where Re 0.05 /9 deg relati mi : = ‘ ed cI 
y _ 0.05 7- 9 deg frequency 18 the frequency fo \ has the mag 
P 0.1 ia nitude of unity, or in oth the frequency 
it which the Nyquist curve cro i@ unit circle 
I'he inverse Laplace transform can then be founc 
in a table 
L oul 10 [Rat ’ . ku +R, ‘ REFERENCES 
£- (out P cos 3.121 
l HOM STABILIZATION IMP! LOSEDLOO!I 
If the synchronizing time is defined as the tim PERFORMANCE, Gareth M. | | , 
( 
required to com and remain within plus or minu CONTROL-SYSTEM. DY 
10 percent of the final value (see Item 10), then M Hill B 
from Figure 6 the synchronizing time for this system fATHEMATICS OF ( dd 
is about 4sec. ‘The rise time of the system, as defined t+ SERVOMI PEM 
in Item 9, can also be determined from this plot DESI H 
All in all, this is a completely unsatisfactory system THE YNTHI 1ENT 
By proper stabilizing procedures the number of over RESPONSE, ¢ , 
\ 


synchroniz 
The peak overshoot i 


shoots can be reduced, thus cutting the 
ing time to about 1.5 se 


(Tables follow) 


« 
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SPECIFICATION 


SYNTHESIS 


. EVALUATION 


Save Time and Money 
by Breadboarding 


SIDNEY A. DAVIS, Servomechanisms, Inc. 


There is only one real way to find out whether a control system will operate 
properly. This is to test and experiment with a physical model of the system, 
suitably connected to the actual controlled process or a simulated version of 
the process. And since production prototypes take time to design and are 
expensive to manufacture and modify, it doesn’t pay to finalize the design 
until you find out whether it will perform as required. Thus the justification 
for an intermediate step—breadboarding—between preliminary paper or 
computer design and the prototype model. 

Breadboarding is the process of putting together a control system in a man- 
ner aimed at ease of assembly, ease of modification, and maximum use of 
standard parts. This yields a preliminary model that approximates the final 
system very closely, except for such factors as physical appearance and pack- 
aging. In this way, performance characteristics can be checked at an early 
stage in development, and the system modified to meet requirements. 

While breadboarding is only one step in the design of most control systems, 
it has proven particularly useful in the development of electromechanical 
servomechanisms. In author Davis's outline of a design procedure for these 
servos, familiarity with the type of system is stressed, for this permits the 
breadboard to become a major step in the procedure. The design of a 
simple position servo shows how breadboarding is done. 


FIG. 1. Testing a typical electromechanical breadboard. 
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FIG. 2. Block diagram of simple instrument servomechanism. Data Element 


With most types of systems, bread 
boarding is only one of several equally 
important steps in the development 
and design process. For example, in 
the development of a complex flight 
control system, the basic system con 
hguration and tentative component re 
quirements are first established 
through analytical work using auto 
matic control theory. Next, the con 
trol system and airframe might b« 
simulated on an analog computer to 
determine overall system performance, 
establish tolerances, and note the ef 
fect of varying critical parameters. 
Then comes breadboarding, the sys 
tem being built up as much as possibl 
from standard parts, prototype mode! 
of special components, and roughly 
assembled electronic, hydraulic, or me 
chanical network At this point, the 
controlled process (the airframe) can 
again be simulated on a computer and 

flown” with the breadboarded contro] 
system, while computer-controlled sim 
ulated loads are applied to the control 
surface actuators, etc. Extensive tests 
(and necessary modification it thi 


WHY BREADBOARD?7 


In spite of the routine design pro 
cedures and the similarity (generally 
speaking between one servo and the 
next, a great many problems are still 
encountered in proceeding from a 
paper design to a finished production 
model There are four principal 
areas of difficulty: nonlinearities, in 
complete information on the dy 
namic properties of system compon 
ents, the effects of stray coupling o1 
pickup, and the improper integration 
of components Practically all of the 
development time on a new servo 
mechanism is devoted to solving one 
or more of these problems 

The nonlinearitic in an instru 
ment servo include backlash, stati 
friction, potentiometer resolution 
motor nonlinearity, amplifier satura 
tion, etc. In spite of the fact that 
these sometime play an important 


Tabie! THE COMPONENTS OF 
ELECTROMECHANICAL INSTRUMENT SERVOS 


Comparison Element — series or paralle| summing networks, me 
chanical differential, potentiometer, con 
trol transformer 

Controller — magnetic, transistor, electronic, or hybrid 
amplifier, relay controller; with auxiliary 
phase shifting, impedance matching, net 
work stabilizing, and gain control com 
ponents included as required 

Motor — two-phase ac induction motor 

Gear Train — usually high-precision spur gears, some 

times packaged with motor 

- potentiometer, tachometer, electrome 

chanical pickoff, and a great variety of 
other transducers 


time pretty vell establish final sy P man turers have created 
tem specifications except for thos tandard anical development ap 
relating to packaging. Sometimes the paratus, so readboarded system 
controlled process 15 simulated me can often be | ogether from stand 
chanically; sometimes the breadboard ird part 
model is connected directly to the Chus, required system performance 
actual system. Occasionally, if only characteristi in be achieved by trial 
one system is to be built, and spac« ind error, and even major modifica 
and appearance are unimportant tions can be made with little troubl 
minor repackaging of the breadboarded ind expense. ‘This saves analytical and 
model may yield the final control s' computing time, and often means that 
tem without further redesign much of the design can be carried 
While breadboarding is just a ste p out by laboratory technicians under 
in the design procedure of most con the supervision of the system designer 
trol systems, it can represent a sub [he same techniques can be applied 
stantial portion of the design effort to more complex servomechanism 
in the development of some clectro ind other types of tem 
mechanical servomechanism Cher This discu 1 will be limited to 
ire three reasons for thi the desig vf clectromechanical in 
© similarity between system Cx trument msisting of such 
tensive past experience, and nomo component tric motor 
grams and other design shortcut trains, potentiometers, etc., and 
make pre liminary rough circuit dé livering | Ma ol 10 watt 
ign relatively quick and easy output shaft ver. System design 
P partial standardization of system consists of fill the blocks in Figure 
components mean that there i ! vith suitable electromechanical com 
broad, well-understood array of equip ponents chi from the rather limited 
ment to choose from tin Ta 


limiting role in high-performance depend ic amount and kind of 
ervos, they are usually neglected in friction present, The deserib 
the design stage because of the diff ing function technique will undoubt 
culty of including them in conven edly be extended to the solution of 
tional design procedures. ‘Too often multiple nonlinearity tems, but thi 
nonlinear problems are first encount is still in the future 
ered in the prototype stage, wher Another analytical tool for handling 
changes are difficult and expensive both linear and nonlinear problems i 
Although the describing function the analo mputer. But again the 
technique, popularized by Ralph nonlineariti must be isolated and 
Kochenberger’, has been successfully defined before they can be included 
applied to all of the principal non in a comput nalysi ften a difh 
linearities of electromechanical servos cult task 
it has not yet become a practical work Despite | g inalytical 
ing tool with the average engineer and comput technique we inade 
In addition thes nonlinearities quate in dé , with the remaining 
usually occur simultaneously and in problem information 
teract im a vers iwnihcant manner on dynan i | pickup 
making it difficult to isolate them. to ind improy ntegrated behavior of 
pecify them, and to anticipate their groups of nponents, The latter 
effect For example, the effect of quire a ph il model breadboard 


backlash and potentiometer resolution for complet iderstanding 


re 
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DESIGNING BY BREADBOARDING 


A significant advantage of bread 
boarding is that a model can be 
built from a few crude sketches, with 
out the need for finished drawings and 
without jeopardizing the high qual 
ity of performance Then experi 
mental modifications that are made in 
the operating system can be incorpo 
rated on the crude sketches and ulti 
mately transferred to the finished 
drawings. ‘These design modifications 
can be carried out quickly on an edu 
cated trial and error basis, so that it is 
possible to move rapidly from the ini 
tial breadboard to the final system, 
ready for prototype design. Since the 
breadboard approach gives the most 
direct representation of the actual 
system, it is potentially the most ac 
curate, ‘Table Il shows a variety of 
standard breadboarding components. 

Given a set of specifications and a 


description of the process to be con 
trolled, assume that system analysis 
reduces the problem to filling out the 
blocks of the general type of servo 
mechanism shown in Figure 2, wher 
the response to a series of standardized 
inputs has been specified 

Designing a system starts with dé 
termining the load, since this estab 
lishes motor rating, and ultimately 
amplifier rating. Load specification i 
often the most difficult and uncertain 
part of the design. ‘The load consists 
of friction, inertia, or a combination 
of both. For example, a machine-tool 
lead-screw drive is loaded by high 
friction and negligible inertia, with 
the friction including a starting and 
running component. An instrument 
dial might be effectively a pure inertia 
load, with negligible friction in th 
gear train. In many instances the load 


is negligible. The biggest problems are 
the uncertain nature of load friction 


and the presence of backlash and com 


pliance in the load. Thus, the servo 


designer attempts to approximate the 


worst load condition by static friction, 
inertia, occasionally viscous friction, 
or some combination of these. If load 
simulation is difficult, it is sometimes 
possible to connect the breadboarded 
system directly to the actual load 
Ihe load should be coupled to the 
proper point in the breadboarded 
servo, Coupling at any other point re 
quires correction for the equivalent 
motor load, and may cause trouble in 


correctly simulating the desired sys 


tem. Various clutches of the magnetic 
friction-lise and magnetic-particle 
types are available for simulating con 
stant-friction loads. Inertia loads can 
be simulated by large gears or dials, or 


Table 1} COMMERCIALLY AVAILABLE STANDARD BREADBOARD APPARATUS 





BEARING BLOCKS: For both horizontal and ver- 
tical shafts 








MOUNTING BLOCKS: Drilled to mount many ro- 
tating elements, such as motors, synchros, and 
pots, also available blank for special drilling 


LOW-INERTIA GEARS: Available in 72- and 96- 
pitch 








FOUNDATION BOARDS AND LEGS: Provide the 
basic mounting surface to accurately align the 
mechanical components 


SPRING-LOADED GEARS: For use where backlash 
must be eliminated 








CAM ASSEMBLY: Adjustable time cycle provided 
by two cam discs whose relative position is 
variable 


SHAFTS: Stainless steel centerless ground 3/16 
in. diam available in various lengths 








BELLOWS COUPLING: Available for various shaft 
diameters in applications where considerable 
shaft misalignment is present 


OLDHAM COUPLING: Available for various shaft 
diameters in applications where zero backlash 
is required 


SHAFT ADAPTERS: Section of 3/16-in. shaft with 
provision for coupling to other shafts of the 
same or different diameter 





SHAFT-STOP ASSEMBLY: To restrict lateral move- 
ment of shafts and help maintain proper gear 
meshes 








STANDARD GEARS: Stainless steel, 72-pitcti 


LEAD-SCREW ASSEMBLY: Spring-loaded carriage, 
0.050-in. and 0.465-in. leads available 








BEVEL GEARS: For right-angle drive applications, 
64-pitch 


DIAL ASSEMBLIES: Available in 36 and 100 
divisions 
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LIMIT-STOP ASSEMBLY: Mechanical stop adjust- 
able from 30 deg to 5,130 deg 











specially constructed discs. 

Ihe load description, together with 
the speed and acceleration require 
ments, determine the actuator power 
lhis figure must be corrected for gear 
ing and friction losses | 
load 


lor a friction 


P TN watts 


l 
1,352 


where 7 torque, oz-in 

V = speed, rpm 
ind the power required to accelerate 
in inertia load is 


l 
P Je atts 
i 352 Ja N watt 


where , inertia, oz-in.-sec? 


a acceleration, rad / sec? 


rhe sum of these two figures is the 
power required from the motor. Be 
cause the motor itself is accelerating, 
the available shaft power is less than 
the manufacturer’s normal rating 
Motor selection for variable load 
conditions and the selection of the 
optimum gear-train ratio are closely 
related (see References 2, 3, and 
+). The gear train performs an im 
pedance matching function (similar to 
a transformer in an electrical circuit), 
matching the characteristics of the 
motor to the characteristics of th 
load, with the best ratio the one that 
permits maximum transfer 
Once the overall gear-train ratio is 
selected, the number of stages and the 
individual stage ratios are specified to 
reflect minimum inertia to the motor. 
In general, the reduction in the first 
few stages from the motor is kept low, 


p IwWCT 


A TYPICAL PROBLEM 


A mechanical shaft is to be remotely 
positioned. Since shaft 
a synchro is used as the 
data clement; 400-cycle power is 
available. When the input shaft is at 
rest, the output shaft must be posi 
tioned to within 45 min of the theo 
retically correct position. With the 
input shaft turning at peeds up to 
60 rpm, the output must follow with 
no more than 75min error (velocity 
error specification) 


rotation 15 
continuous, 


here are brief 
slewing periods when the input shaft 
will turn at speeds up to 100 rpm 
During thi 
shaft must merely keep in 


condition the remote 
tep; no 
specified. The load on the re 
mote shaft is essentially pure friction, 
with a magnitude of 20 oz-in. Thess 


specifications can be summarized 


Crror | 


Slewing speed 100 rpm 
l'racking speed 60 rpm 
Velocity error 75 min at 60 rpm 
Static error 45 min 
Load torque 

The first step in 


20 oz-in 
olving this prob 


and pinion inertias are minimized. If 
possible, motors with integral gear 
trains are used, so that most of the 
gearing is contained in a thoroughly 
engineered package 

Next, transducers appropriate for 
the physical requirements of the prob 
lem are selected. On the basis of these 
decisions, the 
derived. It 1s usually a simple network 
for the addition or subtraction of elec 
trical mechanical 
differentials can be used where the 
signals are available as shaft positions 


comparison circuit 1s 


signals. However, 


lhe controller accepts the output 
of the comparison circuit, Operates on 
it, and in turn drives the motor. In its 
implest form the controller may be 
merely an amplifier, although there 
are many subsidiary functions that 
are often conveniently located in the 
controller: phase shifting in ac servos 
to secure propel operation of the two 
phase motor, network 
gain adjustment, impedance matching, 
and even comparison circuitry. Because 
of the variety of functions that the 
controller can perform, it is probably 
the least subject to standardization of 
anv of the s\ 


stabilization, 


tem components. ‘This 
means that a transistor, magnetic, o1 
tube controller may be breadboarded 
to operate in conjunction with the 
breadboarded electromechanical por 
tion of the svstem. However, standard 
controllers for driving particular popu 
lar servomotors, and even including 
ippropriate network 
wailable today 

The final step in preliminary sys 
uitable stab 


damping ir 


tem design is to select a 


ilization means from among the avail 
able techniques 

At this point it is possible to draw a 
complete block diagram of the system, 
indicating the type and model number 
of each component. Using the com 
ponent characteristics obtained from 
the manufacturers, the servo can be 
quickly analyzed, at least to the extent 
permitted by the approximations This 
analysis should show that performance 
conforms with specification with suf 
ficient margin to allow for nonlin 


earities, variation in component chat 
icteristics, ct 
Translating thi 


mechanical 


block diagram imto 
hardware dot not 
quire claborate engineering drawings 
\ simple sketch 


ipproximately to s¢ ile, 


howing a general 
layout of part 
together with more detailed diagrams 
showing the specific part numbers of 
gears coupling ind all other stand 
ard mechanical apparatus, are all that's 
Additional diagrams that ar 
frequently used include the wiring of 
the amplifer-power 
tion, showing 


all of the 


wiring diag im 


needed 
supply combina 
witches and fuses and 
uutput terminals, and a 
howing the connec 
tions between the component 


breadboard The 


1 point-to-point dia 


mounted on the 
latter should be 


gram rather than a schematic and 


hould show the exact points at which 
connection nade and the loca 


} 


tion of shield ounds, et 


l'ypical 
diagrams are own in the following 
example linal drawings of the bread 
board are prepared when the expen 


mental vork mm yleted 





Synchre 


control 


Power 
Supply 








transtormer 


+ 





FIG. 3 


lem is to construct a functional block 
diagram, Figure 
is a transmitting 


[he input clement 
ynchro (Bendix ty pe 
AY-201S-3, see Table III for chara 
teristics Ihe control transformer 
mechanically connected to the output 
shaft) delivers an ac 
proportional to the 
the two synchros. This error is ampli 
fied in the servo amplifier, the output 
of which drives a_ two-phase 
motor connected to the load and con 
trol transformer through a 


output voltage 
haft error between 


servo 


gear train 


Block diagram of synchro transmission system, 


\ weparat ource a 


heater voltage 


plate and 


mplher 


Choosing the servomotor 

With onst 
greatest powel 
is at the sk ondition of 100 rpm 
Using quati n | 


int-load friction, the 
emand on the motor 


P I " r 
i ana '“ ) (100 1.46 watts 
Since a simple spur-gear train is re 


quired, as a first approximation add 10 
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Table i CHARACTERISTICS OF THE SYSTEM COMPONENTS 


DATA ELEMENT~—Bendix Autosyn Type AY-201S-3 


INPUT TO ROTOR 


Input voltage (nominal 
excitation) 


Input current 
Input power se oe 
Input impedance (output open) 
Rotor resistance (dc) 


Brush contact resistance (dc) .. 0.5 ohm @ 300 rpm 


Output voltage . 
Stator resistance (dc) 
Phase shift (rotor to stator) 
Accuracy 


. ++» 10 min (max) 


INPUT TO STATOR 


26-volt, 400-cycle 
single-phase 
65 milliamp 


Voltage at null 
Sensitivity 





MOTOR —Kearfott Type R111 (Mk 8) 


Frequency 

Rotor inertia 

Torque at stall 

No-load speed 

Maximum power output 

Torque at maximum power output 
Speed at maximum power output 
Time constant 

Reversing time 

Theoretical acceleration at stall 
Duty 

Operating temperature range 
Weight 


*When total ambient 


POWER SUPPLY —Servomechanisms, Inc 


Power input . . 

Output impedance 
at 400 cps 

Output impedance 
at 400 cps (decoupled) .. 


percent for power loss in the gear 
train. This gives approximately 1.6 
watts for maximum motor power 
Checking the standard Bureau of 
Ordnance motors shows that the Mk 
8 rated at 2.6 watts, is satisfactory 
(see Table Il] for characteristics of 


Kearfott motor R111) 


Designing the gearing 


The simplest way to determine the 
gear ratio is to match the maximum 
motor output capability to the maxi- 
mum load power demand. The torque- 
speed curve of a typical two-phase 
servomotor, such as the Mk 8, is es- 
sentially a straight line between zero 
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Input voltage (line to line) 
Input impedance (output open) . 20 
Rotor resistance (dc) 


1] 8 voits 
j100 ohms 
42 ohms 


. +++ 0.33 watts Brush contact resistance (dc) ... 0.5 ohm @ 300 rpn 
80 -++- }400 ohms ee 22.4 volts 
42 ohms Stator resistance (dc) . 10.8 ohms 
Phase shift (rotor to stator) ....... ] deg 
oowseer 11.8 volts Accuracy 10 min (max) 
. 10.8 ohms 
pis 5.5 deg Output Characteristics of Transmission Systen 


315 mill volts pe 


400 cycles CONTROLLER -Servomechanisms, Inc 
4.0 gm-cm’ Servo Amplifier Type SA 104 H 
2.4 o2-in. Input Impedance . .200,000 ohms (approx) 
5,300 rpm Gain ....With an input signal of 0.2 
2.6 watts volt, at 400 cps, the voltage gain will be 
1.3 o7-in. 375 + 15 percent 
2,900 rpm Saturation ....... 0.35 volt (approx) 
0.0131 sec Phase shift ........120 = 20 deg lagging 
0.0223 sec (approx) at 400 cps. 
42,300 rad/sec* Damping .... Derivative control (error 


Coritinuous at stall* 


54 deg C to -+-120 deg C 


12.2 02 


motor rise does not exceed 135 deg C 


Type PS 108 


Carrier frequency ..... 


rate damping) is provided by a parallel-T 
network. Optional velocity damping, fur 
nished by tachometer generators, can be 
applied to the “auxiliary input’. (Low im 
pedance output of amplifier enhances 
velocity damping characteristics of 
motor.) 


The ampiifier is 


designed for carrier signals of 380 to 
420 cps. 
Power output ...... 9 watts (max) at 


115 volts at 1 amp (max), 400 cps 
200 ohms (max) at 250 volts 


400 ohms (max) at 190 volts 


torque/maximum — speed and = zero 
specd/maximum torque For this 
characteristic, the maximum powel 


point occurs at half no-load speed (for 
a curved speed-torque characteristi 
the maximum powel point must be 
calculated). With a no-load speed of 
5,300 rpm, maximum 
livered at about 2,600 rpm. Knowing 
the maximum-load power demand 0« 
curs at 100 rpm establishes a 
ratio of 26:1. Although the maximum 
ower point method of gear ratio s¢ 
ection is adequate for many simpk 
servomechanism design problems, it is 
good practice to check it by other 
methods, such as the graphical im 


powe! IS ral 


geal 


115 volts, 400 cps when used with Burd 
Mk 8 MOD O motor (or equivalent). A 
tuning capacitor is provided as an integral 
part of the amplifier for power factor cor 
rection 


pedance matching t described 
in Reference 2 
Although no a 

tions have been given ! th 
it is desirable to 
introduced by th 
est of stabilit Effect 
ertia 


mini 
gea i the inte 
iring in 
as seen at ft! haft de 
with an iumber of 
but to red xitv and 
a comprom iched 
individual sta t of thre 
or four are commo! ne a thr 

tage train. The non m a 
in either Reference 4+ ws that 
the individual stag tarting at 
the motor are tw t id four 


CTCASCS 
stages 
cost, 
Since 


lable 





a final overall ratio of 24 


The © f£ive 
instead of 26, but the graphical tech 
nique reterenced above shows that thi 
is acceptable 

For a three-stage train with an 
overall ratio of 24, the ratio of eftec 
tive gear-train inertia to motor-pimon 
inertia is 8 (see curves in Refer 
ence 5). The inertia of the motor pin 
ion is 7xl0* oz-in.-sec® or about 0.5 
gm-cm® (Part No. Al20 in Table IV 
(hus, the effective gear train inertia 
haft is 4 gm-cm 
compared with the 3 gm-cm’* of motor 


as seen at the motor 
inertia. The gearing contribution i 
really 
dividual stage ratios are not critically 
exact and the inertia contributed by 
the hubs, shafts, etc., is neglected. 
Actually, it is not possible to reduce 
the ratio of eftective geal 


omewhat larger, since the in 


train im 
ertia to motor pimon inertia below 
5.5 (compared to 8), and this can 
ichieved by using much addi 
Thus, this design 


COTM PTOI ise 


only by 
tional hardware 
represents a reasonable 
between performance, and st and 


complexity 


Specifying the servo amplifier 


First establish the 
quirements for the 


input signal re 
: 
servo) amphiiet 
lor a synchro pair connected and en 
pecified by the manufac 
output error 
rms millivolts against de 


ergized a 
turer, the 
plotted a 
grees of misalignment of the 
sinusoidally 


ignal, when 


input 
and output shafts, vari 
[his sinusoidal rms error character 
istic has a straight-line portion in the 
zero-crror region, with the slope 
usually defined by the manufacture 
Bendix specifies the error slope or 
gradient of the AY-201S 


is about 315 millivolts per degre: 


ynchro 
when 
Maxi 


10 min 


used in a transmission system 
mum synchro error is given a 

lor a static 
45 min, the probable maximum error 
of the 
tion can be estimated as 15 min. This 
additional 30 min to take 
of other inaccuracies 

o meet thi tatu wcuracy§ 1 


imp! her must 


iccuracy requirement ot 
combina 


receiver-transmitter 


leave inl 


quirement the crTvo 


be able to drive the motor with suf 
ficient torque to move the load, when 
an error signal corresponding to 30 
min displacement is applied to th 
input of the amplifier. The error sig 
nal for this displacement is 315/2 or 
157 millivolts. For a load torque of 
20 oz-in. and a gear ratio of 24, 
quired motor torque is about 0.54 
ozin. Since minimum motor stall 
torque is about 2 oz-in., the motor 
must generate 42 percent of normal 
torque with 157 millivolts input to 
the servo amplifier. Since stall torque 
is proportional to control-phase volt 
ige, the amplifier output must upply 
+2 percent of 115 volts or 48 volt 
to the motor control phase for 157 
millivolts input 

A check of commercially availabl 
ervo amplifiers indicates that th 
Servomechanisms, In l'ype SA 
104 H is designed to drive the Mk 8 
servomotor Its gain 
mect the stati 
millivolts input generates a minimum 
of 50 volts output to the motor Ce 
lable III). Next, the amplifier chat 
icteristics must be checked to see if 


the velocity error pecifications can be 


characteristic 
requirement, i.e., 157 


ynchro error must 
from the 
7 5-min velocity error, ke iving OU min 
for the rest of the system. A 60-min 
displacement of th 


met. The 15-min 


be subtracted perm ible 


control tran 


former means that an error signal of 
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PLANNING THE BREADBOARD 


] 


he electromechanical 


im plifi r, and power 


comporn nt 
upph el ted 
tandard 


ending 1 great d il 


readily available 


| » AN nd } 
mechanical design and 


hanical components, m 


ipove ire 


hop time 


on the m 
chanical de clopment ipparatu uch 
is shown in Table Il, can be used t 


omplete the breadboard 


construction 


The motor ynchro, intermediate 


gearing, and load-simulating braking 


device then mounted with the 


tandard mechanical 


in | ible I\ | iff 
chematic show 
thi ipparatu 

ire al required 
upph impliher hemati 

gram, derived from the manufacturer 
chemati bigure 1 general me 
hanmical layout of the powel 
umplifies breadboarded assembl 


luding a parts list: and Figure 


uppl 


yr hi O-wlling 


Speed torque curves and calculations showin 
under specified tracking conditions when using 


15 muillivolt t ce the stand 
ird tracking yn at 
the load. The 
be establishe 
ure >» a 
peed to qui 
hows the 
obtained 

olts to the 
correspond 
control-held t ‘ | is the 
minimum an fies is indicated 
in lable I] in} 1 ure } 


hows the th ing pe int 


r] 
ment 


motor pe | mn OOTTC- 
ponding t motor 
torque ot ponding 
to output to with r 
pect to th pec vee ure B 
obtained w illowabl 
error imput 
veal 1 rorg 
ufhicient t 
friction int | r tram 
Since 


f driving 


.pabl 
output 
vith larg Na t | itis! 
the slew cond i n step at 
peed up t LOO i erctore, the 
L ype SA uv I al a 
the block hoies 
Amplifier « wat rvomech 
nism In | lype PS 
1O8 3 


equipiik I 
! 


) Hpanmion 
! 
tippy 


SO i 


torque margin available 


clected servo ampliher 


mation 
mechanisn 

found t 
tion, the m 
modihicat 

made b 
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Tabie IV 
REQUIRED MECHANICAL DEVELOPMENT APPARATUS 








Servomechanisms, Inc. 
Name Part No. Quantity Remarks 


337 
104 
327 
301 
302 


403 
140 
160 
180 
120 
11] 
102 
118 


394 
424 





Mounting block 
Mounting block 
Foundation board 
Mounting legs 
Clamping screw 
Low inertia pinion 

Gear 

Gear 

Gear 

Pinion 

Shafts 

Bearing blocks 

Shaft stops 
Shaft adapters 


Bearing blocks 


For motor, Bu Ord Mk 8 
For autosyns 
Large-size board 


For mounting legs 
On motor shaft, 20-tvoth 


In gear train, 3 passes, 
ratios, 2:1, 3:1, 4:1 — 24:1 
overall, and low 

equivalent inertia 





For autosyns 
With attached dial 
pointers for autosyns 


For autosyns 

To couple to load 

For electrical connections 
For block mounting screw 
To simulate load 


>> Yrrrr>r>r>r>rr >> } } 
MRM MO MM WOM eK D DM — NR — 


Dials A 346 
Coupling, Oldham A 419 
Terminal board A 372 
Hex-wrench #8 

Friction clutch A 429 


— i ee AD 


Beoring block includes 
pointer, A 424 





FIG. 5. Mechanical schematic showing compo- 
nents and mechanical development apparatus. 
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FIG. 6. Power-supply/amplifier schematic wiring diagram. 


























FIG. 9. Electromechanical breadboard setup for sample problem. FIG. 8. Synchro wiring schematic. 
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“FIRING UP” THE BREADBOARD 


It is wise to make certain prelimin 
ary check before turning on the power 
These checks (listed in table to the 
nght) prevent possible damage to com 
ponents (say, due to a short circuit) 
ind facilitate trouble shooting. The 
power can now be turned on the pow 
er-supply amplifier breadboard. If the 
servomechanism is correctly wired and 
assembled, after a brief warmup pc 
riod it will synchronize. The 
motor will drive the control trans 
former into correspondence with the 
synchro generator 

At this point, a quick check can be 


servo 


USING THE BREADBOARD 


Che working breadboard can be ex 
amined to see if the system meets 
performance specifications and to 
make sure that there are no peculiari 
ties that were overlooked in the ori 
ginal design. Modifications can be 
made as required. Realistic manufac 
turing and assembly tolerances can b 
established 

For this particular system, perform 
ance testing is straightforward, since 
only steady-state accuracy conditions 
are specified. (For the details of test 
ing precision Testing 
Servomechanisms”, p. 174.) First meas- 
ure the actual gain of the amplifier 
and the actual friction of the load 
(total friction of gearing and other 
mechanical components, plus load, 
with load adjusted for 20 oz-in.). If 
the servomechanism is working prop 
erly, the quadrature and harmonix 
output of the control transformer 
should not generate an amplifier 
output exceeding 15 to 20 percent of 
maximum amplifier output 
ure static error, connect a voltmeter 


servos, see 


I O meas 


across the control transformer output, 
turn the synchro transmitter through 
a very small angle, and note the error 
voltage at which the servomotor just 
starts to correct. When the gradient 
of the synchro is known, this voltage 
becomes an indication of the maxi 
mum static error. (If the gradient is 
not known, it can be accurately d« 
termined by rotating the synchro to 
a position of maximum output voltage 
and multiplying this voltage by the 
sine of 1 deg. This gives gradient in 
volts per degree.) At the same time 
connect a voltmeter across the output 
of the amplifier lake the ratio of 
amplifier output voltage (control-phas¢ 
voltage) to the rated voltage of motor 
and multiply by the rated stall torque 
to get some idea of the static friction 
of the combined load and gear train 
In this example, no more than 45 


made for proper operation, Proper op 

eration means the servomechanism 

P is stable, does not hunt or buzz 

P follows arbitrary change 

the synchro generator and synchronizes 

rapidly 

P feels stiff (rather than sluggish) for 

small displacements of the output shaft 

from the null position 

has uniform characteristics for all 

settings of the synchro generator shaft 
On completion of this superficial 

operational check, the performance of 

the servomechanism can be compared 

with the original specifications 


in setting of 


volts should be required to start the 
motor Gain can also be obtained 
from the ratio of the amplifier output 
and input voltages 

l'o check the velocity error, discon 
nect the control transformer by un 
coupling its gear from the rest of the 
system. Then displace the shaft of ei 
ther the control transformer or tran 
mitter 1 deg from null (allowabl 
velocity error minus anticipated svn 
chro error). The motor must drive 
the load at not less than 60 rpm 
Since the amplifier is 
linear, and since its gain is affected 
by residual voltage, it is well to plot 
load speed Vs synchro crror 

lo complete the tests of perform 
ince specifications, displace the con 
trol transformer cnough to thoroughh 
saturate the servo amplifier. The slew 
speed must exceed 100 rpm. This i 
in important test, since highly satura 
ted amplifier condition in Cause 
phase shift or gain reduction with a 
resultant decrease of saturated output 
under unsaturated output 

Chis particular 


somewhat non 


ervomechanism be 
comes unstable if the load i 
The breadboard is an effective mean 
of determining the tolerable degree of 
variation in load friction 

The breadboarded system i ilso 
useful for determining the effect of 
modifications on performance charac 
teristics. If higher-inertia gearing or 
fewer stages are desirable (for econ 
omy or space and weight 


rCmove d 


iving) these 
changes can easily be carried out and 
would affect system stability primarily 
By using different combinations, and 
observing the way the servo returns t 
null after small displacement =o 
possible to determine maximum per 
inalytical ef 


haracteristi ot 


missible inertia without 
fort If the wear 
materials or component uch as alu 
minum gears) are in question, there 


is no better place for a life test than 


CHECKING OUT A BREADBOARD 


, 
1. PHYSICAL INSPECTION Look for frayed leacs, 
burnt insulation, loose strands of wire or shielding 
loose pieces of solder, improper separation of in 
sulated terminals, and weak solder jo.nts 


2. GROUNDS Make sure grounds are to shiny un 
anodized surfaces, preferably with lock washer 
having sharp edges, and that there is no possibility 
of a short circuit while grounding the chassis and 
the prong of the power plug 

3. CORRECT WIRING “Buzz out” circuits. Discon 


nect amplifier, power supply, and all grounds to 
check individual circuits 


4. MECHANICAL CHECK Make sure gears tum 
freely, that there ow backlash at the data ele 
ment, all screws are tightened, and the gears and 
dials firmly fastened 

5. FINAL CHECK See that the proper-size fuses 
are in place, the switches in the “off” position, and 
the adjustments turned to the ‘safest setting 
Then the power plug can be connected 


on \ lewing idboard 


Amplihe: 
wing and gain reduction with tin 
can be noted in a simular 

One ot th 


precision cT\ rie 


Hiannedr 
most vital probl ms wm 
hanisms is that of 
etting tolerances on nonlinear quan 
tit uch as | klash, By means of 
the adjustab cal 
tandard breadboard mechanical com 


enter on the 


poncnt bach i m be vaned ove 
the widest limits. With a dial indica 
il method of accurateh 
measuring angle backlash can be 


tor (or clectt 


varied in a senes of measurable st p 
and the effect of 
formance noted 


Where backlash 


ver tringent, if 


each setting on pe 


requirement in 
possible t il 
damping. directly on the breadboard 
in an attempt to reduce the n iy 
backlash tolerance Tin the unpl 
backlash is not 


important in the presence of the high 


} 


ervo discu d her 


friction load ut im more accurate 
ervos ba control often repr 
ents the evere manufactunn 
problem 

Thu itnie ipproach l 
treatin th 


jution | A mind pot 


ionlimeariti 
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SPECIFICATION 


Simulate the System | 


with an Analog Computer 


THE GIST: Most practical control systems are quasi-linear in that the rules of 
the classical system may be applied to determine stability for small excursions 
about an operating point. But it is important to include the major nonlineari- 
ties whenever significant transients occur in the system. The analytical tools 
of classical servo theory then break down or become quite cumbersome and 
the analog computer emerges as the key to economical progress. 

This article answers the engineer's questions about 

» whether a problem is worth computer time 

» data needed by the computer 

» getting these data 

» setting up the computer 

Pp evaluating results 


An application example illustrates a tried-and-proved approach. 


S. G. REQUE, General Electric Co., Schenectady, N. Y. 


The solution of a typical control 
problem is diagrammed in Figure 1. 
If manual methods are followed the 
effort spent in solution is likely to 
look like the figures shown. In terms 
of relative utility of the effort in 
effecting a solution, the figures are 
more likely to be those shown below 
the effort figures, ‘These figures show 
the disparity of effort spent in mathe 
matical manipulation that must be 
eliminated if engineering manpower 
is to be used eftectivels 


REASONS FOR USING COMPUTERS 


©The prime reason for using analog 
computers is to reduce the effort in 
manipulation so that the engineer 
can apply his judgment, experience, 
ind analytical ability to the descrip 
tion and interpretation of the problem 
and solution 

© ‘The analog computer is particularly 
well-adapted to the sort of problem 
shown in Figure | because the transi 
tion from physical description to 
computer diagram can be made with 
a minimum amount of manipulation. 
The analog computer can simultane 
ously present many intermediate 
quantities shaft torques, currents, 
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accelerations, flows, etc.—which may 
be of considerable interest in the de 
tailed selection or design of the com 
ponents of the system. 

> The system can usually be set up 
to operate on a real-time scale so 
that an accurate “feel” of the final 
system may be developed. ‘This is 
not only valuable for servicing and 
installing the equipment, but for ob 
taining realistic values for 
constants that could not be measured 
by conventional methods, and for 
testing and adjusting the physical con 
trol components before shipment for 
field installation. ‘This last has been 
done both to check the representation 
of the control components and to 
save many hours of expensive or dan 
gerous field testing. In the case of 
control equipment for high-cost plants, 
such as jet engines, steel or paper mills, 
and nuclear reactors, the benefits to 
be gained by using an analog computer 
in this manner may be worth more 
on one job than the value of the 
computer itself, 

If any or all of these features are 
of advantage in studying the control 
problem under consideration, the 
analog computer should be used. 


systems 


WHAT DATA DOES COMPUTER NEED? 


Once the decision to make an ana 
log computer study has been made, 
the real process of problem solution 
begins. It is an inherent limitation 
of any analog computer that it can 
perform only those operations which 
it is specifically instructed to do (pro- 
gramming or problem wiring) with 
information supplied to it in the form 
of input signals and interconnection 
coefhcients. ‘The engineer must pro- 
vide these data. 

Ihe data needed for problem solu 
tion are usually apparent from the 
signal flow or block diagram of the 
problem. ‘This diagram represents the 
practical embodiment of the block 
shown as “Description” in Figure 1. 
It should be emphasized at this point 
that the signal flow or block diagram 
represents an approach to the problem 
which may be only one of many analy- 
tical approaches, all mathematically 
equivalent. However, this matter of 
mathematical equivalency becomes a 
critical consideration when accuracy is 
the consideration. 

The validity of man 
studies depends upon the 


computer 
interrela 








f ; 
Vii OF ITDU 
I 1} 1 2 


analog used 


curacy and the 
In many fields of current 
engineering terest it is extremely 
difficult to tain measurements that 
are significant to the accuracy of the 
instrument ( And of 
these instrur 


tions of the 


COUTSC 
inherent limita 
Thus, it is most 


important engineer 


avoid 
as much possil in analog setup 
where the r is unusually sensitive 
to variations in data from the analoged 

tem. Sound engineering experience 
in the subject should be close at hand 
when any an g study is tried 

What, th n be done when the 
pi yblem 
there i experience? ‘The 
onl ife } to vary the 
coethcent I inalog and observe 
the sensitiviti f the results to these 
perturbatior \ high sensitivity to 
uch change n tes one of the fol 
lowing 


1. “The 


chosen This is the most com 


ituation in which 


inalog tup is poorly 


usually 
rearrange 


mon situation and is 

tied readilv by 

ment of the block diagram. 

Measurements in the sensitive 

irea must | " Other 
] 


wise. svsternm designed on the ex 


curate 


isting data mav be based on 
entirel 


Ihe 


verv accuratel 


pictures 

proposed system must be 
constructed. This 
ituation should be avoided by 
i different approach if possible, 
ince it imphes high manufactur 
t, dificult maintenance, 


ind high failure probability 


ng co 


l ortunatel these 
rather 
, 


course Of an 


situations are 


readil covered during th 


naiog study and appro 


priate step in be taken before design 


I 


id manufacture have gone too fal 
[his is one of the real values of the 


inalog approar h 
GETTING THIS INFORMATION 


As indicated earlier, the 
tion required is u ually apparent from 
block diagram of 
lo get the 


specih 


informa 


the signal flow or 
the system under study 
desired information on the 


actual numbers which 
ipply to that system 
entered This part of th 
procedure still proves to be a common 
stumbling block. Relatively few cata 
logs of equipment list the critical char- 


primary 


system = the 
must now be 


inalysis 


icteristics which ar ot 
importance to the system 


Llowever, this 


designer 
ituation 1s improving 
rapidly The concepts of tem cde 
sign, fast becoming known in nearly 
every area of engineering activity, ar 
ilready improving the flow of informa 
tion between the 
facturer and the 
neer. With increasing 
he tter 


present information should fill rapidh 


component manu 
system-design engi 
demands for 
performance, the gaps in our 


Direct measuremeni 


Until the catalogs list the critical 
constants and transfer functions, the 
information must be obtained som 
Direct 

most desirable It j 
usually practical on systems involving 
mall components, although it may 


other way measurement 1 


of course, the 


be time-consuming and involve con 
siderable ingenuity In particular 
nonlinearities or noise may become 
quite bothersome and require the use 
obtain 
significant measurements. It may be 
of interest to note that analog-com 


of correlation techniques to 


puter equipment has frequently been 


profitably used in processing measur 


DIAGRAM OF MANUAL 


PROBLEM 


ment data t tain the orrelation 


Correlation techniques 


In dea vith large ystems of 
equipment proce controls, it is 


to appl the simple 


often impractical 


test signal tep functions, sine 


waves, et isually associated with 
direct measurement Lhe irticle 
Determine System Dynami With 
out Upset Janne Reswick in 
ConTro. | IN EERINE June 19 
describe relation technique for 
thi type of 
ind illustrat the type of 
scientific thought that must be ap 


plied to measurement 


measurement problem 


ound 


proble ms if 


iailable methods and machines are 
to effective 


of control t these critical area 


mprove the application 


Estimate and calculate 


When 
ible, the analyst resorts to estimate 
of characterist based on the known 
construction of the equipment. Al 
though it tally practi al to calcu 
late inertia re other 
imilar quant most of the figure 


cement ire not po 


istance and 


irded with 
t of all, they usually 
issume some ideal but unrealized fa 
tor such a stant density or stack 
ing factor ligible flux, no 


econdat 


o obtain nust be reg 


ul pr hon 


leakage 
hanical resonance ho 
effect ek Whil 


ie gligible in 


local ituration 
these factor 

imple low-gain control tems, they 
ire preci elv the ones that make high 
performan ontrol difhfeult to ob 
tain. Thu timates based on 


fication sh | used cautioush 


ul uall 


impli 


Experience 


As a la 
the cliy 


SOLUTION 
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to advantage to estimate unknown 
characteristics. In this case, the sys 
tem may be set up on real-time scale 
on the analog machine and the coef 
ficients adjusted until the analog 
“feels right” to the experienced man. 
A particularly effective case of this sort 
involved a springy shaft suspended in 
loose hangers. Most of the constants 
could be estimated with reasonable 
accuracy, but the damping effect of 
the hangers defied conventional anal- 
ysis. The bottleneck was broken by 
permitting an engineer who had ob- 
served the shaft during construction 
and installation to “adjust” the analog 
until that part of the system behaved 
according to what seemed right to 
him, ‘The success of the final system, 
which depended to considerable de- 
gree on the accuracy of this estimate, 
was final proof of the validity of this 
unconventional approach, 


SETTING UP THE COMPUTER 


Having described the system under 
consideration by a signal-flow or block 
diagram and having obtained values 
for the coefficients, the control engi- 
neer may now proceed with the ac- 
tual instrumentation of the problem 
on the analog computer, the pro- 
cedure is illustrated by the application 
TC later in the article. Since it 
may be influenced by the equipment 
used, a brief look at the analog ma- 
chines available is in order here. 

Analog computers range in size 
from small desk-top assemblies con- 
taining ten operational amplifiers to 
large custom-built installations con- 
taining hundreds of operational ampli- 
fiers, multipliers, resolvers, function 
generators, and other auxiliary appa- 
ratus, The smaller units are in the 
price range of desk calculators, while 
the large ones represent major invest 
ments, organized and staffed as op- 
erating units of the companies that 
own them. ‘The small machines con- 
tain simple, unstabilized amplifiers 
with a minimum of control circuitry, 
the large ones, high-gain stabilized 
amplifiers, relatively elaborate control 
circuitry, removable problem boards, 
and maybe even problem-check equip- 
ment and remote setting of function 
generators or potentiometers, 

While all analog computers are de- 
signed around operational amplifiers, 
which may be regarded as equivalent 
for practical purposes, there are three 
distinct philosophies of machine or- 
ganization currently being exploited. 
For lack of standard terminology these 
will be arbitrarily called: 

1. Uncommitted 
2. Committed 
3. Functional 

The uncommitted philosophy of 

machine design provides a number of 
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operational amplifiers suitably con- 
nected to terminals on the machine 
working field. Choice of the input 
and feedback impedances of the op- 
erational amplifier is up to the op 
erator; they may be available in an 
adjacent field of terminals or pro 
vided externally and plugged in with 
suitable connectors. ‘This arrange- 
ment provides extreme flexibility in 
use of the amplifiers. The Philbrick 
and Donner machines are examples 
of the uncommitted design. 

The committed philosophy of ma 
chine design generally “commits” the 
aoal amplifiers as integrators, 
summers, and inverters. This type of 
commitment is ideal for handling dif 
ferential equations in classical form, 
and is also convenient from the point 
of view of machine construction, since 
the input and feedback impedances 
can be permanently wired into their 
corresponding amplifiers. In this 
fashion, cabling and wiring difficulties 
are minimized. In addition, the feed- 
back and input components may be 
placed in temperature-controlled ovens, 
thereby assuring greater accuracy. Ma- 
chines with accuracies of 0.01 percent 
(of full scale, not of instantaneous sig- 
nal) have been constructed, the com 
mitted philosophy permitting control 
of critical components to this de- 
gree. EAI’s PACE, Goodyear GEDA, 
Reeves’ REAC are well-known ex 
amples of the committed design. 

The functional approach is also a 
committed poiseele i but here the 
form of commitment attempts to 
parallel the “functions” encountered 
in control systems, linear or nonlinear 
A popular make of machine of this 
type uses functions that closely parallel 
the block diagrams and control com 
ponents used in the process control 
industry. In general, this form of com 
mitment requires that several opera 
tional amplifiers and their associated 
components be connected together to 
form a functional block. The func- 
tional blocks are usually assembled as 
separate packages interconnected by 
cables as required, This approach per 
mits extremely rapid conversion be 
tween block diagram and machine, 
particularly where the form of control 
components has been standardized 


Time scales 


So far nothing has been said about 
high speed or repetitive analog ma 
chines. If the analog must operate 
with real equipment, either in testing 
or other “simulation” techniques, the 
time scale must be one-to-one and a 
“real-time” or “slow” machine must 
be used, If the problem is solely ana 
log in nature, the time scale may be 
accelerated or slowed for convenience 
in observation and recording. The 


high speed or repetitive machine op- 
erates on a time scale so fast that re- 
peated solutions may be observed on 
an oscilloscope. This usually speeds 
the exploration of parameters for 
optimum solution and makes them 
much more convenient. But the band 
widths required to handle “broad- 
band” problems become excessive 
and the practical difficulties of setting 
and resetting initial conditions entail 
a loss in accuracy which is unaccept- 
able in some fields of engineering. 
The repetitive machine has not gained 
the general acceptance that its slower 
counterpart has and will not be refer 
enced beyond these comments 


Degree of modeling 


Ihe true power of the analog com 
puter 1s in its ready identification of 
properties. The modern clectronic 
analog computer is so flexible that 
this identification may be performed 
at almost any level of understanding 
desired, from the description of a de 
vice in terms of each smal] component 
in its construction to the description 
of a complicated system in terms of 
its known external properties. ‘The 
degree of modeling should, of course, 
fit the problem. There is little, if any 
thing, to be gained by the detailed 
representation of an assembly or de 
vice whose overall 
been well-established 

Between the limits of excessive de 
tail and mathematical representation 
there is a vast area where moderate 
detail can be shown with relatively 
few amplifiers by the use of im 


properties have 


pedance combinations for inputs 
and outputs. Up-to-date “catalogs” of 
these networks are hard to find. How- 


ever, a very useful list of them ap 
peared in “Electronics”, April 1952, 


pp. 147-148 


Regarding machine accuracy 


In discussing the machine types it 
was mentioned that the committed 
philosophy machine permitted the at 
tainment of very high accuracies. ‘To 
avoid a misconception, it should be 
pointed out that most modern ma 
chines exhibit linearity and precision 
(or repeatability) of the order of 0.1 
percent, drift and calibration errors 
excluded. Drift is usually small 
enough to be ignored except when in 
tegrators are run “open loop” for part 
or all of the solution time. As a re 
sult the usual machine is limited by 
operational component calibrations 
and drifts which to a great degree are 
under the control of the user. The 
modern analog machine will solve the 
great majority of engineering control 
problems to an accuracy limited 
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A SAMPLE PROBLEM 


An ordered approach makes sense in applying the 
analog computer to any problem. The steps usually 
involve 1) roughing out major contributors to dynamic 


limitations, 2) detailing in minor contributing com 
ponents, 3) including nonlinearities and testing. For 


a specific control problem (speed regulator on a strip 
mill) these steps might be 
Step | Choose reasonable motor and generator 
Define inertias, machine constants 
Find gain desired 

Step 2 Choose amplidyne to do the job 
Define constants of machine 
Find anti-hunt adjustment, etc 
Define nonlinearities, etc. 

Make oscillograms of currents, etc 
Check out on actual amplidyne if necessary 

To add a note of realism to the procedure above, 
consider a hypothetical but concrete design problem 
As it reaches the project engineer it may read some 
thing like this 

The XYZ Corp. is modernizing its plant at S 

We have been asked to bid on a constant-speed 

drive for the g—— machine at this plant. Maximum 

load on this machine is 150 hp. They desire a simple 
regulator which will hold speed to plus or minus 

2 percent with a 50 percent variation in load. Speed 

recovery should not take longer than 1 sec 

prepare a proposal for this work, 

A telephone call to the plant engineer of XYZ Corp 
discloses that a 1,150-rpm de motor is normally used 
on these machines. The inertia of the machine referred 
to the drive is 16.3 ft-lb sec*/radian. An amplidyne 
exciter would be quite satisfactory and the plant engi 
neers maintenance crew is familiar with amplidynes 

A search through the catalog file permits the project 
engineer to choose a 150-hp, 1,150-pm motor. This 
motor’s armature is rated at 550 amp and 230 volts 
Field voltage will be fixed and from a separate supply 

A generator suitable to drive the motor requires 150 
volts applied to its field to produce 230 volts output 
Assuming a stiff source of field excitation, the field 
time-constant is 1.0 sec. 

Che armature loop of the two machines has a total 
resistance of 0.0725 and a 
Other characteristics are 
K 1.9 volts /sec ‘rad 
K, 1.25 ft-lb/amp 


Step 3 


Please 


ohms time-constant of 
O05 sec 
voltage constant of motor 


torque constant of motor 





seen | ~® - Amo /ex - pen Motor q—> peed 
bi rence ’ 
| Tact od 


FIG. 2. Amplidyne speed regulator for application example 














The motor time-constant is calculated from 


JR 
K Ky 


The system block diagram might look like Figure 2 
A quick check of the circuit 


hows that a 50 percent 
load change will result in 


0.50 x 550 amp 275 amp armat irrent variation This 
275 amp current change will result wrmature emf change of 
275 x 0.0728 20.0 volts 

The corresponding speed change will be 
20.0 _ mu 
O08; or S74 pereent 
230 
\¢ 
> A, + i > A, + 
Ref > Ny —¢ | >+ A, 4 rs >+—¢ ~ 
Om 
> \, 7 
] 
~< P A, 
} ‘ 
FIG. 3. Simplified computer diagram for initial study 
At this stage the first analog study is made. The com 


puter diagram is elementary since the engineer can as 
sume the amplidyne (or other amplifier-exciter) to be 
quite fast compared to the generator field and motor 
time constants. The armature circuit time constant can 
likewise be ignored at this stage of study. Since his 
purpose a loop gain and get an idea of 
the recovery process he may normalize the gain of the 
motor and generator and call the tachometer-ampliher 
gain the system-loop gain 


is to choose 


Phe computer diagram might be 
Ihe value of KR is 
I'he value of RC is the time 
the amplifier or other effect 
\ guess will suffice to indicate that a loop gaim in 
the order of 5 will reduce the stead 


is Shown in igure 3 
with the loop gain 
ociated with 


issociated 


coustant a 


tate speed varia 


tion to tolerable limits with a reasonable margin of 
safety. The first computer oscillogram taken with thi: 
vain (C absent) shows that this is true and that the 
settling time will be well within limits (Figure 4). The 


peak transient is about 4 percent 
ibout 14 percent 
A quick look with several time constants give 
Figure 5), time constant 0.1 se 
Figure 6), 0.5 sec 


md the final value is 


mall de gradation 
long transient unde rdamped 
Figure 7), 2.5 sec—slow underdamped transient 

8), 10 sec—slow well damped transient 

it is necessary to use a fairly fast amplifier to 


Figure 
Clearly 
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(Curves wer run on al 


uncommnitted desk top com 
puter) 


Speed chonge 


FIG. 4. (A) Speed change for 50 
percent load change 
motor alone } 





(B) Speed- load, loop 50% 
gain == 5, time-con 
stant 0 








gummed aaa 


FIG. 5. Speed-load, loop gain = 5, time constant = 0.1 sec 
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FIG, 7. Speed-load, loop gain = 5, time constant = 2.5 sec. 








FIG. 6. Speed-load, loop gain 5. time constant 0.5 sec 











FIG. 8. Speed-load, loop gain =5, time constant 10 see 
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achieve both adequate stability and speed of response 
rhe practical engineering limit appears to be in the 
order of 0.1 sec time constant 

It is now apparent that the job can be done with 
a simple amplidyne or magnetic amplifier exciter unit, 
that this unit should be designed for a response time 
constant of 0.1 sec or less, and that a loop gain of 5 
gives a reasonable margin for adjustment, manufacturing 
tolerances, etc. With these facts in mind the engineer 
can write a concrete proposal with confidence. Total 
computer time expended, including setup, calibration, 
etc.—was approximately one hour 
was a small desk-top model 

Now suppose that the XYZ Corp. responds with a 
contract for the job of building this speed-regulating 
drive. The engineer will now have to start from the 
rough block diagram and translate this into practical 
machinery. The motor and generator were selected 
as early as possible in order to “rough out” the system 
and now many details must be added. After the am 
plifier-exciter, as well as the tachometer, are selected, 
the system is reevaluated on the analog so_ that 
corrective networks may be designed if necessary or 
desirable. All time constants and saturation effects 
should be included. Otherwise, the wrong choice of 
components may override the “safety factor” 
to exist in the preliminary study 

It would be burdensome to go through the whol 
drive in detail. The approach can be illustrated by con 
sidering one element—the motor in this example. A 
block diagram of a de motor is shown in Figure 9 


The computer used 


assur d 
































Externol 
torque 
+ r 
Applied. + Armoture |_ Kr } a inertia » peed 
voltage circuit lo que a 
| 
| 


Counter - emf | « } 


FIG. 9. Block diagram of de motor, fixed field 


I'his block diagram describes the motor as follows 
1. The apparent armature voltage is the difference 
between the applied voltage and the counter-emf 
2. The armature current is a function of the armature 
circuit resistance and time constant 
3. The available torque is proportional to the arma 
ture current (fixed-feld conditions 
4. The torque acting on the machine is the algebraic 
sum of the available torque and external torque 
5. The torque acting on the machine will accelerate 
the machine. The acceleration constant is deter 
mined by the inertia 
6. The counter-emf is proportional to th 
speed under fixed-feld conditions 
I'his block diagram may be translated to a computer 
diagram like that in Figure 10 and this new diagram can 
replace the simple approximate one used in the pr 
liminary study 


Tih hine 


In this fashion the original diagram can be expanded 
to include the details of all the components. The over 
all computer diagram, as shown in Figure 11, will be 
more detailed but will involve no statements of physical 
laws more complicated than the original, and each unt 


will have physical meaning. In the final stages of con 
struction, the sections of the machine can be tried by 
substituting them (with proper pickoffs) for the mayor 


sections of the regulating system 
Che limits to which this 
extended are 


form of analysis can be 
fantastically broad. The practical limita 
tion at present appears to be the human one of under 
standing the probl ms and the available apparatus 


‘ 
, N ; < 

é - ‘ 
ie > NY * 4 >. A, + + 7 > ’ 

if ba t  . ed 

ure 
- 
\ 


FIG. 10, Computer diagram of de motor, fixed field 





FIG. 11 Computer diagram for detailed study of system of Figure 2 
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primarily by the 
characteristic 


knowledge of the 
s of the components 


Hints on selecting a computer 


Selecting a computer to handle a 
problem, or, more commonly, a class 
of problems in a field of engineering, 
is very like selecting an 
ach one offers a 


iutomobile. 
ct of conveniences 
ind operation features, and no one 
offers all of them. The more auto- 
matic and elaborate the machine. the 
more-skilled technicians who repait 
and adjust it must be, The large com 
mitted machines are more convenient 
to set up and operate. As 
an automobile, the most practical ap 
proach is to personally inspect as 
many different models as possible, talk 
to users of these equipments and, if 
possible, arrange to try them out. And 
nice Cqtlipine nts Cali he used in all 
sorts of combination the initial 
choice need not commit the user to 
one type of machine as his installation 
grows; should he later discover that 
ome feature missing on hi 


in buying 


present 
machine iS neccessary, he Cali itl tall a 
unit incorporating this feature 

'he actual setup of the problem on 
the computer will, of course, depend 
upon the type of machine used. If 
the machine is of the so-called “fun 
tional” type it is likely that most of 
the setup can follow the block dia 
gram directly, If it is of the ‘com 
mitted” or “uncommitted” type, a 
computer diagram that indicates the 
machine components used and thei 
interconnections, together with am 
networks set up on the machine, is 
usually desirable. The engineer, o1 
assistant familiar with the 
details, can then wire the machine 
easily, according to the diagram 


machine 


REFERENCES 





144 CONTROL 


ENGINEERING 


Machines with removable problem 
boards permit problem wiring to be 
filed for future reference. ‘The “un- 
committed without remov- 
able problem boards can be used in 
similar fashion if terminal-strip pre 
wired assemblies are built for it. In 
fact, small prewired panels of compo 
nents and connections, which can pro- 
vide ‘functional’ blocks where and 
when desired, are very convenient. In 
effect these techniques permit an en 
gineer whose principal activity is in 
one field to provide himself with a 


great 


machine 


spe ial purpose 

convenience without interfering with 
the needs of other 
purpose facility 


computer of 


| 
sharing a general 


EVALUATION OF RESULTS 


In the study of control systems there 
ire usually three distinct types of 
questions asked Vhese are 

1. What basi type ot stem is rr 


1? (ball-park type answer 
2. How must available component 
details factored in 
3. How well does the 


Quire? 


be used? 


system ac 


tually perform? (final tests, simula 
tion, et 
Usually, these questions occur rather 


close together. However, it is instru 
tive to consider them separatel 

rhe first type of question i 
broad. It is usually encountered in 


the “proposition” stage of considera 


quite 


feasible svs 
ystem de 


tion and simply indicates 


tems lor example the 


signer may first want to know if he 


can expect to control a motor or simi 
lar device (of known characteristic 

He would lik 
of the 
signal level 
of the stability margin 


to have a rough idea 
loop gain requirements, the 
ind perhaps one idea 
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At this stage 





of the design he will be choosing the 
most desirable power elements and 
obtaining an idea of job magnitud: 


(he second type of question arises 
when the deesigner starts to fill in 
the blocks of the first rough block 


diagrams Ihe block marked gain 
now turns into discrete amplifiers with 
time constants, etc. The tachomet 

and similar devices used to stabilize 


have limitation 


in frequen yY re sponse 
ind are also added to the original 
diagram. Now the designer wants | 
know the transient signal level 


modi 
fications. Here full account must be 
taken of the limitation 


that he can make the necessar 


vf the ippa 


ratus he has designed or chosen in 
order to translate the system into a 
practical, manufacturable device 

The third type ot qu tion ar n 


composite systems and seeks the be 


havior as the system undergoes sever 


transients or goes from one mode of 
operation to another. It may be d 
sirable to operate v ith ph ical pw 


1 


of equipment in the problem to safe 
guard against unsuspected resonan 
limits which will limit the 
final performance. As often as not, a 
complicated system may be studied 
in stages until the final embodiment 
is decided and finally proved 

In the second and third stages of 
tudy it is practical to ob 
erve the effect of expected manufa 
turing tolerances on th 
havior. This should be done wherever 
possible, because in this way the design 
can be controlled for lowest manufa 
turing cost and 
tenance. While the 
be particularly aware of thi tep 
manufacturing and management are 


or rate 


usualls 


system be 


minimum main 


ustomer may not 


isually appreciative of sound data 
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Simulate Digitally, or 
by Combining Analog and 
Digital Computing Facilities 


|) tell alow Bale). 


SYNTHESIS 


XN 
EVALUATION 


THE GIST: Simulation seems a natural task for the analog computer, and it 
is, for the most part. But, quite often, the digital computer may prove a more 
natural simulator. When digital computers are used as part of continuous 
control systems, accurate simulation of such systems requires the combined 


use of analog and digital techniques. 
are involved. 


Fundamentally different philosophies 
The authors begin by discussing the effects these differences 


have on simulation and follow with a discussion of digital computers and 
their application in digital and analog-digital simulation. 


ROBERT M. LEGER and JEROME L. GREENSTEIN, Convair, San Diego 


\n unportant difference between 
analog and digital computers is that 
the former works with 
data whereas the latter uses discrete 
data. In 


variable is 


continuous 


an analog computer each 
continuously represented 
by a time-varying voltage at a parti 
ular point in the machine, A digital 
computer, on the other hand, deals 
only with fixed numbers and must 
represent a time-varying quantity in 
terms of a sequence of such numbers 
corresponding to the values of the 
original quantity at successive imstants 
in time. If a given time function is 
to be represented by a sequence of 
reasonable length, the step from on 
number to the next must correspond 
to a finite time increment or sampling 
interval the size of which depends 
upon the nature of the problem 

The digital computer normally 
provides no information about the 
values a quantity takes on between 
individual samples. It may, however, 
be possible to compute specific points 
between the sampled points. For 
example, if the system being simulated 
is a continuous physical system and 
the digital sampling frequency (re 
ciprocal of sampling interval) is many 
times the highest expected system fre 
quency, a simple linear interpolation 
may vield sufficient accuracy. For lower 
and lower sampling frequencies, morc 
and more sophisticated interpolation 
schemes are required for a given ac- 
curacy in the interpolated points. 


\ high 


CvVCr, increases 


unpling Treque ne how 
solution — time A 
digital computer operates like 
calculator in that it must 
result for each desired sample point 
If the number of samples is doubled, 
the total amount of computation 1s 
doubled, so that the time required to 


i ck Sk 


compute a 
i 


run a given problem increases ac 
cordingly. As with the desk calculator, 
the time required to 


progression from on 


compute the 
of the 
imulation to another may bear no 
relation to the time required for the 
simulated system to progr 
the same two points. In other words, 
the simulation has no fixed time scak 


point 


between 


Computing speed 


The computing speed of an analog 
computer may be expressed in term: 
of the bandwidths of its various ele 
ments. These bandwidths may run 
from a few cycles per second for 
servomultipliers to several hundred: 
or even thousands of cycles per second 
for all-electronic devices. The speed 
of a digital computer may be quoted 
as an ability to perform, let us say, 
10,000 
per second 


idditions or multiplication 
According to Shannon's 
impling theorem an information rate 
of 10,000 amples per 
theoretically be accommodated in a 
bandwidth of 5,000 cps. Thus the 
above digital equipment is similar in 
speed to an analog summer with two 
inputs or an analog single-channel 


second can 


multipher, with a bandwidth o 
OOU ) cither is 
In pl problem 
operation must be carrie 
nplet vstem 
inalog om r thi 


repre iit 
equirem 

met b iit mecting several com 
puting clements and operating them 
ill simultaneously at substantially nm 
lo of speed. On the other hand 
most digital computers have only on 
computing clement o1 arithmetic unit 
ind must timeshare this unit be 
tween all the required operations while 
holding all pertinent parameters and 
intermediate results in their memories 
until illed for in each operation. 
Thus, to ¢ mplify omewhat, if a 
problem requires on 
rate operation to compute each 
ample, and cach operation requires 
100) micros the could 
compute only ten samples per second, 
Note that a 500-amplifier analog 
imulation ma correspond to many 
more than 500 operations per 
mputer \ 
amp hifi th four input 
three additions. 
ometer represent 


thousand sepa- 


machine 


ample 
on a digita umming 
represents 
1 coefficient potenti 
1 multiplication, and 
an integration represents at least a mul 
tiplic ition and one or two additions. ) 


\ reed bach loop 


imple 


ilthough very 
inalog ompute i. be 
msuming on a digital 
comput Since the output is not 
available imultaneously with the in- 


put, the dependence of the input on 


come tin 
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A general-purpose computer can solve a wide variety of problems, but for 
each one an operator must supply it with a program of specific step by step 
instructions, On the other hand, a special-purpose computer is designed 
specifically to solve one type of problem. One such special-purpose digital 


computer, particularly usetul for system simulation, is the Digital Differential 
Analyzer (DDA) 


DIGITAL DIFFERENTIAL ANALYZER 
The DDA is strictly digital in operation, but is used for problems normally 
solved with an analog computer 
and nonlinear differential equations 
'he basic unit of a DDA is called an integrator. It is somewhat like a 
computing amplifier (though more flexible) in that it can be used for sum 
ming, integrating, and multiplying. The integrator consists essentially of 
two registers, R and Y (See Figure 1). All information flew 


grators (¢. g., Ax, Ay, and Az), is in the form of pulse trains 
operates as follows 


Most of these applications involve linear 


between inte 
(‘he integrator 


The Y register contains the initial condition y, plus a summation of th 
input Ay pulses. Each Ax pulse adds the contents of the Y register to the R 
register, Tach overflow of R produces a Az pulse. The rate of these output 
pulses is proportional to y and the rate of Ax pulses 
proportionality factor: Az yAx 
sidered as an increment of area 


hus with the proper 

As shown in Figure 2, yAx can be con 
If the train of Az pulses is counted in the 
Y register of a second integrator the result is a step-by-step rectangular inte 
gration of y with respect to x. Typical commercial DDA’s perform approxi 
mately 60 to 100 of these steps or iterations per second 

One advantage of the DDA is that it can integrate a variable with respect 
to any other variable, An analog computer operational amplifier can integrate 
only with respect to time 

On the analoe computer problems of moderate complexity are 
accuracies usually not better than 1 or 2 percent. 
mercial DDA's run to six or seven decimal digits 
in’ accuracy 


solved with 

Accuracies on most com 
Unfortunately, this increase 
means a proportionate increase in computation time. A _ tvpical 
problem on the DDA requiring an accuracy of 0.1 percent may take an hour 
to run. The same problem would take ten hours for an accuracy of 0.01 
percent. Thus, the DDA is not adequate for simulating most problems in 


real time 


GENERAL-PURPOSE DIGITAL COMPUTERS 
I'he most versatile type of general-purpose electronic computer is the 
“stored-program” machine. It is this type of digital computer that is most 
useful for simulation and with which most of this article 
deals. One of the major advantages of the stored program is that it allows 
the computer to alter its own program. This can be valuable, for example, 
in the type of problem in which the next operation to be performed by the 
computer depends upon the results of the previous calculations 
Stored-program digital computers consist basically of: 
© Arithmetic units, which do_ basic like addition 
multiplication, and division 
© Storage or memory devices, for storing the program and numerical data 
> A control unit, mainly counters and switches to keep track of and interpret 
the sequence of instructions 
> Input-output equipment, for inserting the initial data and instructions into 
the computer memory and for receiving the final results of the computations 


control-system 


operations subtraction, 
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the feedback 
rated by means of an iterative 


ignal must be mcorpo 

system 
ssive approximations so that 
cach operation within the loop 1s re 
peated several times 
of cach output sampk 

It is apparent from the foregoing 
that digital and analog 
differently with respect to growth in 
the size of the probl m. As an analog 
problem grows, more equipment is 
added, and the overall accuracy tends 
to decrease. The actual running speed 
of the problem is not 
stability difficulties may 
cause of the additional phase lags in 
troduced by the extra equipment. ‘The 
growth of 


of succe 


in the evaluation 


tems behave 


changed but 


increase be 


a digital problem entail 


chiefly increased running time. No 
idditional equipment is required a 
long as the computer memory capac 
ity is adequate. In principle, an in 
crease in the number of operation 


will cause a cumulative increase in 


error due to rounding off the number 
to practical length In most case 
the original precision of the calcula 
tions is so great that the accumulated 


round-off negligible in the 


imulation of physical system 


crrors are 


Accuracy 


I'he accuracy of an analog computer 
is basically limited by the fact that it 
operates by manipulating and measur 
ing continuous physical 
which are subject to disturbances of 


quantities 


various kinds, and to measurement 
errors. A digital computer operate 
by manipulating the digits of some 
number system and can achieve a 
precision which is limited only by 
the number of digits carried in_ the 
“words” of the machin Whereas 
analog computing elements may have 


accuracies ranging from 0.01 percent 
to several percent, a digital omputet 
with ten decimal digits can carry out 
in arithmetic 
curacy approaching one part in ten 
billion. Thus, although the 
ity of an analog simulation i 
ently limited by the a 
errors, a digital simulation may usu 
ally be carried to a degree of complica 
tion limited only by the memory siz¢ 
and the allowable running time 

A notable feature of a digital simu 
lation is absolute reproducibility. All 
legitimate errors in the simulation 
ire due to mathematical 
approximations which will be repeated 
exactly each time the problem is run 
Thus, unless there is 
chine failure of given 
problem will give the same result 
down to the last digit every time 

The operating procedure of a dig 
ital computer differs considerably from 
that of an analog computer. With the 
latter, problem setup involves setting 


operation vith an ac 
complex 


inher 
imulation of 


systematic 


actually a ma 


some ort, a 











potentiometers, making adjustments, 
etc., which are quite time-consuming. 
Vherefore, it is uneconomical to 
change problems too frequently. For 
this reason, if a given problem develops 
trouble the operator stays on the 
machine and attempts to locate the 
difficulty and correct it. Once a prob 
lem has been coded for a digital com 
puter the actual setup time is very 
short, so that it is economically feasi 
ble to change problems completely 
every few minutes if desired. Thus, 
if serious trouble develops, it is often 
desirable to ‘dump” the con 
tents of the computer memory into 
some form of output device and r 
lease the computer for the next prob 
lem while the programmer studies the 
at his desk to locate 
the source of error. The amount of 
trouble-shooting that is carried out 
by the prograinimcr at the machine 
console depends upon the demands 
for machine time and upon what 
features the computer has to facilitate 
such work 

\ digital computer presents its out 
put in a form which differs from that 
of an analog computer. Whereas the 
latter's output is a set of continuous 
curves, produced while the problem 
is running, the output of a digital 
computer usually consists of a deck 
of punched cards or a magnetic tape 
which is used to produce printed 
tabulations of numbers at a later time. 
Because most engineers have difficulty 
visualizing system behavior from a 
column of numbers, the results are 
frequently plotted, either manually or 
automatically, from the punched 
cards. Thus digital simulation lacks 
the convenience of analog simulation 
for applications of system synthesis 
where complex systems are to be 
optimized empirically. 


imply 


memory dump” 


WHAT TYPE OF SIMULATIONS SHOULD 
BE HANDLED DIGITALLY? 


In principle, practically any system 
can be simulated to an arbitrary degree 
of accuracy by digital methods. In 
practice, 
factors 


however, there are various 
which affect the choice of 
simulation methods. In a simulation 
of a complex system involving high 
frequency effects, for example, a dig 
ital simulation may be very slow and 
require inordinately large amounts of 
machine time. If high accuracy is 
not required, an analog simulation 
would be more appropriate. More 
over, since almost all physical quan 
tities are continuous in nature, most 
engineers more easily comprehend the 
continuous graphic presentation of an 
analog computer than the discret 
numerical presentation of a digital 
computer. If it is desired to connect 


actual system hardware into the simu 
lation, this hardware, being analog in 
nature, must usually be connected to 
some form of analog equipment. On 
the other hand, where the use of 
system hardware is not required in 
the simulation, there are many cases 
where digital simulation is useful. 

One of the most obvious applica 
tions for digital simulation is wher 
the accuracy required exceeds that 
obtainable by analog means. Another 
is in those problems involving opera 
tions which are difficult on an analog 
computer, For example, three-dimen- 
sional coordinate rotations and vector 
algebra are relatively easy to carry out 
on a digital computer. Functions of 
several variables, such as aerodyna 
mic force coefhcients, etc., present no 
great problem either 

It is sometimes necessary to simu 
late systems that involve the use of 
sampled data. Such systems may arise 
through the use of sampled-data meas 
uring equipment, such as pulsed ra 
dars, or through schemes in which a 
single piece of measuring or comput 
ing equipment is time-shared between 
several different functions, or simply 
from the use of digital techniques in 
the simulated system. The sampled 
data aspects of such systems can be 
simulated much more naturally and 
casily in a digital simulation than in an 
analog simulation 

Che above examples represent situa 
tions in which digital simulation is 
either the only satisfactory technique 
or has some rather obvious advantage 
over analog simulation. There is of 
course a considerable area of overlap 
between analog and digital simula 
tions where either method will be 
satisfactory. In such cases the choice 
may depend upon such practical con 
siderations as machine or programmer 
availability. In the Convair Missile 
Guidance Analysis Group in San Di 
ego such oveilap areas are extensively 
used to provide CTOSS checks between 
analog and digital simulations and thus 
insure against errors. ‘This is particu 
larly important in complex simulations 
because of the error buildup in an 
analog simulation, the possibility of 
errors of reasoning or programming in 
the digital simulation, and the diffi 
culty of detecting errors in a com 
plicated system by physical reasoning 
alone 


PROBLEMS PECULIAR TO 
DIGITAL SIMULATION 


Most of the problems that arise in 
a digital simulation program are the 
result of the use of sampled data 


because these data provide no informa 
tion about the behavior of the variou 


parameters between the sampk 


Consider the problem 
of performing the imtegration 


for « xample, 


* 


[=a 


Let x,, V., and t, be the values of x, y, 
and t at the nth sample as shown in 
Figure 3A. Assume Xa, Va, tay Xan and 
t.., are given and it is required to find 
Vv... [his may be written as 


; 
y ; rit) dl 
; 


The problem then becomes one of 
finding the area under the curve of 
Figure 3A in the interval between t 
and t,... The trouble is that the 
digital computer provides information 
it the sampled 
points and provid sno clue as to the 
between — these pomnts If 
analytically the 
problem could be resolved easily, but 
usually this is not the cas Thu 


. 


about the curve only 


behavior 


x(t) wer known 


some reasonable a umption must he 


made about the nature of the curve 
between the two sampk lor ex 
ample, the curve could be assumed to 


be linear so that 


where A t 


Many mor 


formulas may be obtained 


ophisticated imtegration 
such as by 
assuming 
through x x indsX, Both 


pal ibol curve passing 
linear and parabolic assumption have 
been shown by dashed curves in Fig 


ure 3A Ihe 


should be based on knowledge of ex 


choice of issumption 
pected behavior of the physi il] quan 
tity being simulated 
tutes part of the information needed 


prope rh 


which consti 
before the problem can be 
programmed for the computer. lor ex 
ample if the tem beimg simulated 
is a sampled-data ystem, the most 
appropriate assumption might well be 
imply to hold a constant value equal 
to x, throughout the entire interval 

\ particularh troublesome case oc 
curs when the quantity represented 
by x includes a point of discontinuity 
as shown at time ft, in Figure 3B, If 
an error of up to bAteAx can be tol 
erated, where Ax is the 
the jump, the 


be to merely use a 


umplitude of 
implest solution would 
traight-line ap 
proximation between the two sample: 
on either side as shown by the dashed 
line in the figure. More 
integration formulas will 
yield higher errors in 

If the above error 
erated, a special handling of the prob 
lem must be 


ophi ticated 
in general 
uch case 

cannot be tol 


ct up based upon other 
information about the physical sys 
tem The time t, at which the dis 
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ArH 
continuity occur might be deter basis of the improved | and a fur 
mined by some auxiliary calculation ther improvement of E,,,. is obtained 
and the integration then carried out This proce is repeated until th 


in two steps, one covering the inte: 
val from t, to t, and the 
ering that from t, to t, 

Ihe operation of 


other cov 


differentiation 
need not be avoided as completely in 
digital 
work 


imulation as it is in analog 
Ihis is because the 
“noise im a 


extraneou 
imulation 1 
due primarily to round-off errors and 
these are kept very small by the high 
pree sion of digital computation 
However, as might be expected, the 
ampled nature of the digital data 
causes difficulties in the determination 
of the rate 
variables 


digital 


of change of continuou 
Consider, for example, the 
problem of finding the rate of change 
of x in Figure 3C at time t,.,. The 
simplest approach to this problem 
would be to approximate the 
dx/dt by the first difference (x, 
x,)/At. It is evident from Figure 3C 
that this procedure gives the 


slope 


slope 
which exists at some time, t,, between 
t, and t,,,, and this slope does not, 
in general, agree with the true slope of 
the original variable at 
time t,.,. Here again, more sophisti 
cated assumptions can be made to im 
prove the evaluation of the slope, 
such as passing a parabola through the 
three points x,.,, X%, and x,,,. Dis 
continuities in x(t) again require spe 


continuous 


cial treatment unless large errors are ac 
ceptable for a short period of time 


Simulation of a closed loop 


It has already been mentioned that 
the digital simulation of a feedback 
loop involves an iterative process of 
approximations 
for example the computations involved 
in finding the nth output sample, E,,, 
in Figure 4A, when E,,, is given and 
f(s) and f,(s) “straight 
forward” operations such as additions, 
integrations, differentiations, and mul 
tiplication by constants, The compu 
tation is started by assuming som 
value for E,, and computing e,, with 
this assumption. An improved E,, 
may then be computed using this 
Cn: Cn is then reevaluated on the 


successive Consider, 


consist of 
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~~ 
law tree 


changes in E,, from one trial to the 
next drop below on pe ihed 


thre shold Mo t of the Vari 


ations on this technique involve dif 


value 


ferent ways of making the first esti 
mate of I,,, so as to 
number of iteration 


minimize the 
required to con 
verge to the desired result. For exam 
ple, the first trial value for I may be 
taken 


equal to the final previou 


value I or may be obtained by 
extrapolating from several previou 
values 

A more complicated system which 


often occurs in analog simulations is 
shown in Figure 4B. It is seen that 
the inner loop consisting of f,(s) and 
considered as a new 
transfer function f,/(s) which may 
then be used with f,(s) to obtain the 
overall response. However 
response f,’(s) is found by iteration 


f,(s) may be 


since the 


the overall solution then requires a 
doubly iterative process which may 
be very time-consuming Further 


more, in instances the 
loop may actually represent an un 
stable system which 
bilized only by the addition of the 
outer loop. In such cases the calcula 
tion of f,/(s) will diverge and no so 
lution will be obtained. ‘The above 
difhicultic 5S Can be overcoinne¢ by real 
ranging the problem into the equiva 
lent form shown in Figure 4C. The 
computations f,(s) and f,(s) may be 
combined into an equivalent function 
f,’(s) by direct addition and the en 
tire system may then be treated as a 
single-loop system. 


some inne! 


becomes sta 


Recursion formulas 


l'o minimize the running time for 
a problem it is desirable to minimiz 
the number of iterative processes 0¢ 
curring in the problem. If the prob 
lem consists of simulating a feedback 
system, the basic feedback loops of 
the system shoukl be set up by itera 
tion to provide the calculation of the 
physical feedback quantities. On the 
other hand, some simple responses 
customarily achieved by feedback in 
an analog simulation can be repre 





ented directly on a digita mput 
without iteration by the of recut 
ion formulas. Thus, if in Figure 4A 
ff 1/Ts, f(s |, the result 
is a low pa filte vith tin mstant 
I’ and overall transfer function 1/1 4 
! When the implin t 1 | 
high compared with th ial fre 
quencies this may be represented on 
i digital computer by the ursion 
formula 
Beun kE | I 
where k ] ( Y and +r is the sam 
ling interval. It is seen that the eval 
uation of | proceeds dir tly from 
previous values of | ind | vithout 
the need for iteration \ high-pas 
1 
filter with transfer function ] 
i 
| 
can be expressed as | i / yr it 
can be formed directly by the recur 
sion formula 
E as l—-k) J 
where k is defined as befor Many 
uch recursion formula in be set 
up to repre ent various filter networks 


However, any rational fraction trans 
fer function having all real roots in 
the denominator can be 
simple sums of the response of low 
pass and high-pass filters, so that a 
large class of linear filters 
using only one 


expire sed aS 


can be rep 
Or both 


of the above recursion formula 


resented by 


The programming problem 


Ihe preceding problems have all 
been problems of digital programming 
techniques. There are also problems 
of a less technical nature which ar 
nevertheless very real problems. A 
digital computer is a rather complex 
piece of logical machinery which op 
erates in a purely numerical manner 
and must be programmed by means 
of a code or “language” peculiar to 
the particular machine. To produce 
an efficient program in a reasonable 
length of time a programmer must 
become thoroughly familiar with th« 
computer and its special programming 
features. This has led to the develop 
ment of specialists in machine pro 
gramming whose sole function is to 











omp ite! 
[hat there a 


oul em to reheve the 


trained 


with a tem to be imulat 


or tlearnin the n 
il techniques to put the prob 
n in digital form. ‘This is true onl 
i limited extent because i ha 
pointed out, the numerical tech 

os hob req Lire 
teristics of the physical system being 
imulated bhu it 1s very desirabl 


| depend upon the chat 


that the programmer become familias 
ith the phy ical 
lated, and that the 


+ , 
iitial 


ystem being simu 
engineer becom 
vith the general problems of 
Programing Very clos 


hould m™ 


liaison 
between the 
programmer and engineer throughout 
the simulation, not only to enable th 
programmer to give the engineer thi 
results he needs, but also to familiarize 
the engineer with the capabilities of 
the computer, so that he knows what 
reasonably ask for It some 
times happens that some very useful 
piece of information is not obtained 
from the simply becaus« 
the programmer didn’t know it would 
be useful and the engineer didn’t 
know it could be obtained easily 


maintained 


he can 


imulation 


HOW CAN DIGITAL AND ANALOG 
FACILITIES BE USED TOGETHER 
IN SIMULATION STUDIES? 


It has been pointed out that digi 
tal simulation techniques become ex 


tremely useful when high accuraci 


FIG. 3. A, 


pomts between sampling tines 


must be interpolated, as by assuming linear 
or parabolic behavior; B, discontinuities can 
be located by inverse interpolation to locate a 


crossover, oT 


connected if the error is small; ¢ 


can be assumed linearly 


the slope 


of a point can be found through linear of 


higher-order assumptions as accuracy dictates 


req ured 


when certain 


' 

mpl ii viich 
I 

in anal 


that ill l 


omputet lt 

ligital imulation 
uch situations if 
ten lardware was not 


Actually, th 


pe itn hardware 


jure 
the mulation 
: ' 

n tem analysis because 
nciusion 1 th 


i mulation of 
] 
detailed hardy 


performance cha 
iwcteristi vhi mig e overlook 

itherwise neglected r this re 
on, W. H. Schwidetzky 
Missile Th Anal 

pring of 

terconnection of an ERA 1103 
peed digital 
cxtensive 


ynputer with Con 
inalog” ymputer im talla 
tion to form a facility in which both 
inalog and digital computer ould be 
integrated into a single larg 
real-time imulation Considerabl 
required to work out pt 
fications for the necessary high-sp 


converting 


time wa 


q upment uch that over 
il] imulation performan ( require 
ents could be met without reflecting 
unreasonable demands upon the nn 
erting equipment and at the 
time retaining a maximum of 
bility in the overall system. P1 
plans call for the facility to be 
this fall for the first large-scale real 
time simulation involving both com 
puters 
The inter inalog and 
digital computers in a single real-time 
imulation 


mnechon 


permit 


| those ration 


FIG. 4 


require multiple 


inter 
ing all 


ration 


itt 
iupling 

a pre 
uuld not 
ib-tinn 
necessar 
mputer of 
id by dome 
inaiog ma 
transterred to 
hould preferably 
ney el 

im 


{ quiring 


High-accuracy continuous functions 


Wi ! ! ction of 


high iccura required these 


functions ma é encrated in a con 
mnputer 
ind simultaneously generated in the 
digital cor i he 


1ia\ b 


tinuous mann n the analog 


inalog function 


xlically and com 


A, closed loop usually requires simulation by successive approximation, trying 
output values until the loop calculations become self-consistent; B 


multiple loops 


iterations, unless C, loops can be rearranged to an equivalent single loop. 
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pared with the digital function, the dif- 
ference being applied through an inte- 
grator to correct the analog function 
and reduce the difference. ‘Thus the 
continuous analog function may be 
monitored or slaved to the accurate 
digital computation, or, from an- 
other point of view, the analog system 
provides a smooth interpolation of the 
output of the digital calculation 

One bottleneck in analog simula 
tions of aerodynamic supersonic flight 
is the generation of lift and drag co 
cfhcients, etc., which ar empirical 
functions of more than one variable. 
With  suitabk analog-digital analog 
converting equipment the digital com 
puter coukl be used as a very versa 
til function gencrator capable of 
handling complicated functions of 
many variables. The digital computer 
can also be used as a generator of re 
producible low-frequency “noise” with 
a specified autocorrelation function 
Of course the digital computer con 
stitutes an expensive function gen 
erator, so that some provision must 
be made to avoid tying it up for long 
periods of time while the analog simu 
lator is being adjusted and checked 
out. This is basically a_ real-time 
problem similar to the complete com- 
bined simulation, but the digital com 
puting-speed problem would presum 
ably be impler because of the 
decreased amount of digital computa 
tion involved 


Supplementary uses 


Analog and digital computing fa 
cilities can supplement each other to 
a considerable extent even when there 
is no interconnection between them 
A rather obvious procedure is to simu 
late the same system separately in 
both facilitic For example, in an 
aerodynamic control problem an ana 
log simulation may be carried out in 
one or two dimensions to investigate 
high-frequency dynamic behavior by a 
perturbation technique and to estab 
lish suitable system time constants to 
optimize this behavior A digital 
simulation may be set up to handle 
the lower-frequency aspects of the 
problem in three dimensions with 
out the restrictions imposed by a 
perturbation analysis. The system time 
constants determined from the analog 
simulation may be used in the digital 
simulation to determine whether they 
produce the desired performance in 
the overall system. Thus the two 
simulations permit different aspects 
of the performance to be investigated 
ma supplementary manner, At the 
same time there is usually sufficient 
overlap between the two simulations 
to obtain effective cross checks. 

Although the above discussions 
have been confined to operations in 
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volving the integrated use of analog 
and digital computers, some mention 
should be made of the advantages of 
using auxiliary computer equipment 
of the opposite type in present-day 
analog or digital facilities. Consider 
for example the increased use in ana 
log facilities of digital voltmeters for 
monitoring analog voltages and of 
punched cards for setting potenti 
ometers. In a digital simulation prob 
lem it is often advantageous to con 
vert the results into analog form to 
permit direct plotting on analog x-y 
plotting tables while the run is pro 
ceeding. Thus the results of the run 
are immediately available in conven- 
ient graphical form without the added 
delay of tabulating or plotting the 
results from punched cards or other 
output media, which is normally done 
after the completion of a run 


PROBLEMS PECULIAR TO 
A COMBINED SIMULATION 


Digital-computer speed 


There are many problems that 
arise when operating an analog and a 
digital computer together. One of 
these problems, mentioned previously, 
concerns the speed with which the 
computations can be performed on 
the digital computer. In a_ typical 
simulation, the digital computer will 
receive information sampled from the 
analog, use this data in a computation, 
and transmit the results back to the 
analog. Usually these calculations and 
input-output operations must be com 
pleted before the next data-sampling 
time. The frequency of sampling will 
be some multiple of the maximum 
bandwith expected of the analog data 
so as to transmit the maximum 
amount of information back to the 
digital computer, For many simula 
tions the sampling frequency is most 
likely determined, not only by band 
width considerations, but by the 
length of the digital computations re 
quired between sampling periods. 

I'he type of storage device used in 
the computer determines the speed 
with which it can perform each pro 
grammed operation, Most medium 
sized digital computers use a mag 
netic drum. Generally, these compu 
ters are able to perform approximately 
500 additions or 50 multiplications 
per second For large simu 
lations this speed is not adequate 
and therefore higher-speed computers 
are necessary, Large-scale computers 
such as the IBM 704 and the Univac 
Scientific manufactured by Sperry 
Rand Corp., which have magnetic 
core memories, can perform approxi 
mately 4,000 multiplications per sec 
ond, The Sperry Rand Larc, presenth 


most 





under development, which will also 
have a core memory, will be able to 
perform 250,000 additions or 15,000 
multiplications per second 

It should be emphasized that in 
general the time spent by the digital 
computer in transferring data to and 
from the analog computer is also time 
which is unavailable to the digital 
computer for performing calculations 
When large amounts of data must be 
transferred, this can be a factor limit 
ing the sampling frequency. Tor real 
time simulations high-speed input and 
output devices are as neces 
computation rates 

Since numerical techniqu 
ing successive approximations are used 
extensively for the solution of prob 
lems on the digital computer, these 
can have a considerable effect upon 
the amount of computing time neces 
sary during a given sampling inter 
val. When many iterative calculations 
are to be performed, enough com 
puting time must be allowed to pet 
form the maximum number of itera 
tions expected. Of coursé 
time a limitation can be set on the 
number of iterations, but this may re 
sult in a decrease in accura 

Such problems make it difficult to 
determine an optimum analog sam 
pling rate, Another factor that con 
tributes to this difficulty occur 
use of an asynchronous type of digital 
computer, High-speed 
puters are classified as either syn hro- 
nous or asynchronous 
nous computer each instruction will 
take a fixed amount of time to exe 
cute. This is not so with an asyn- 
chronous computer, wherein multiph 
cation time, for example, will vary 
depending upon the number of binary 
l’s appearing in the multiplier. For 
some calculations there is an advan 
tage to asynchronous operation in 
that computing time is more efh 
ciently used. 


ary as high 


involy 


fo conserve 


in the 
digital com 


In the synchro- 


Sampling and synchronization 


In a combined analog<ligital simu 
lation it is usually desirable that the 
continuous data be sampled periodi 
cally at precise instants of time. This 
precise timing is necessary when th 
sampling interval, At, is used in th 
digital equations; e.g., when integra 
tions and 
formed on the sampled data. The 
sampling intervals are prefer ibly con 
trolled from a timing source external 
to the digital computer rather than 
by the digital computer itself. Al 
though it is usually possible to initiate 
sampling from the digital computer at 
the completion of each computation 
period, the time required for the com 
putations may vary (for the reasons 


differentiations are per 





mentioned previously), and would 
result in a variable sampling interval. 

If the data sampling is controlled 
from a separate timer, it 
necessary to the imput 
output program of the digital com 
puter with this sampling rate The 
input-output program controls the 
transfer of data into and out of the 
digital compute! Ihe 
usually is that the new analog data be 
then 
made available to the digital computet 
soon after each 


becomes 
synchronize 


requirement 


converted to digital form and 
amplng time. Syn 
chronization can usually be done in 
several ways. One techmque is to so 
computer that each set of 
will end before the next 


Most 


instructions 


program the 
computation 
sampling and conversion time 
computers have everal 
which 
ternal 


require the receipt of an ex 


resume” signal before the com 
puter program will proceed. By pro 
gramming one of these instructions at 
the end of a compute Cc) le the com 
puter will then wait for the 
signal before proceeding with the pro 
gram. The next sequence of instruc 
tions will then be the 
program, during which the sampled 
and converted analog data are inserted 
into a portion of the computer mem 
orv for later use in the calculations 
This technique is 


“resume” 


input output 


somewhat waste 
ful of computer time since there must 
be sufficient “dead” time allowed dur 
ing the computer waiting period to 
accommodate the 
tation time required 
chronizing technique uses computer 
time eficiently. This 
interrupting th 


maximum compu 
Another syn 
more involves 
( mput ition program 
to perform the input-output phase 
It operate is follows 


of an external ‘interrupt 


upon 

signal, the 
computer hni hes the current instruc 
tion and then 
output instructions 
transfer ha 
puter ontinue its pre 
viously interrupted program. Care must 


rece ipt 


jumps to the input 
After: all data 
been completed the com 


illowed to 


be taken when programming such a 
simulation to make sure that the digital 
computer will not get ahead of the 
analog computer in its calculations 


Conversion devices 


Before ti 


tween analog and 


insfer of information be 
digital 


pes ial 


mputers 
can take conversion 
data 


omputer must be 


place 
device must be used Ihe 
ivailable from one 
understood 
computer Devices that 
mation 


converted into a language 
by the other 
convert imfor 
digital 
while 


from analog to 


calle d 


digital-to-analog converters aré 


form  aré encoder 
called decoder 
The data from the digital computer 


are usually available in binary form on 
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FIG, 5. 
switches, close the circuits 1,2,3, 
the digital input. 


a parallel set of wires ongimating from 
1 flip-flop output register. The de 
coder must take this binary informa 
tion and convert it into an analog 
voltage. ‘There are 


many conversion 


schemes in use. A simple type of digi 
tal-to-voltage converter which can han 
dle a moderate of signal valu 
is shown in Figure 5. More refined 


circuit techniques are required if the 


range 


system must operate over a very wide 
range of data valuc 

i ncoding devices ire omewhiat 
more complex. ‘The information avail 
able in analog form, being continuou 
must be a particular in 
tant of time and then converted imto 


binary 


sampled at 


insertion into the 
digital computer, ‘Th 


digits for 
binary value 
can be used to trigger a flip-flop input 
register of the digital computer, ‘The 
computer will then transfer these data 
to a memory location for later use in 
i calculation. 
Sampling usually implies that a 
separate storage device is used which 
varying volt 
age at a particular instant and hold 
it until 
is completed. This device may not 
be essential in a simulation if the 
converter has a high enough conver 
ion speed, Except in 
very high rate: of the ana 
log signal it is sufficient to connect 
the converter directly to the 
inalog quantity Special care 
be taken to filter out 
extrancous 


samples the continuously 


voltage-to-digital conversion 


ituations of 
of change 


varying 

must 
before sampling 
high -fre quency noise on 
the sampled voltage such as might, for 
originate from the 


Although in 


imulations the presence 


example 
upplies 


power 
most analog 
of high-fre 
vould hardly be noticed 
ise might be ob 


sampling opera 


queen Vy nome 
its presence in thi 

iectionabl In the 
tion, the 
of the ampling frequency to produce 
difference 


noise beats with harmoni 


frequencies that he within 
the same 
ignal ind 


pectral range as the desired 
0 cannot be removed bi 


ubse que nt filte ring 


A digital-to-analog converter (decoder) 


+100 volts 


So——— - 100 volts 


2A 


of —————rrwr- 
229 

$—$ 5 ww 
Bd 


: ' Analog 


oA voltage 
ED ERE SY Output 


N 


Thyratrons (T), or electronic 
N, to form a sum voltage proportional to 


An extra binary digit determines the sign of the output 


Many I nt type if 


digital onvertel ire 


inalog-to 
ivailable In 
general, most conversion techniques 
can be placed im one of the following 
three categori Ce 6 and 7) 

P shaft digitizer 

Ppulse modulator 

P ripple down method 
The selection of any 


version device tor 


higures 


om type of con 
in application cle 
pends mainly upon the required con 
CTSIOn if il ' 


ined the mphlin 


peed 


ConVeTSion >} 


re petition rate 


Extrapolation and interpolation 

l'wo pecial problem present them 
elves when combining analog and 
digital data ther than the problem 
of data conversion. One of these i 
due to the time lag 
the digital 


inalog tom 


introduced by 
onsidet 
oltages 
periodical impled and then used in 
the digital mputation \ 
that sampling occurs at time t, the 
of the digital computations will 
not be available to the 
puter until the com 
pleted, which will be at t + at. If 
this dela Mf) i 
type of extrapolation 
digital computer to 
update” the data so that it can be 
used in the analog system 

Ihe second 
terpolation \ 


nputer ( 


vhose 


LiDdaaT 


result 
inalog com 
ilculations are 
objectionable, some 
must be per 
formed in the 


problem is one of in 
discussed previously 

each digital i iid only for a 
particular insta time. Since the 
inalog compute r must use these data in 
a continuous form, some type of inter 
polation procedure must be used, ‘The 
umplest method is to hold the con 
erted data inating from the dig 
tal comput mt until each new 
vill result in 

on. Straieht 

line interp iccomplished 
by olving the 
the digital mputer and feeding the 
onverted e of the derivative into 
in analog evgrator More 


derivative in 


ophi fi 
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cated techniques can be aci omplished 
by the proper interconnection of ana 
log computing elements using higher 
order derivatives 


EXAMPLE OF A COMBINED 
ANALOG-DIGITAL SIMULATION 


Since many prime example of 
mixed analog-digital systems occur in 


the field of guided missiles, the simu 
lation of a guided-missile control 

tem has been chosen to illustrate the 
use of an analog and a digital com 
puter in The tem 
consists of a 
flight trajectory 1s to 
be controlled, a ground based tracking 
radar, and a digital guidance com 
Ihe tracking radar follows the 
Course of the is ile ind teeds position 
data to the The 
computer determine whether the 
missile has veered from it 
course and vent it ha 
lates yaw and pitch correction signal 
4, and 4,. These correction signals ar 
transmitted at equal intervals of time 
by a 


combination 
shown in Figure 8A 


missile whose 


puter 
digital computer 


pres ribed 


in the « calcu 


radio communication 
an autopilot located in the missile 
Che autopilot commands cause defle 
tion of jet vanes in the rocket 
and aerodynamic control surfaces on 
the airframe to generate corrective side 
forces, 


With an 


system to 


motor 


accurately simulated sys 


tem a considerable amount of infor 
mation can be obtained by making 
dry run on the ground with the 
computers, at considerably less ex 
pense than by firing actual test n 
siles. The system nulation can be 
broken down into the three part 
shown in Figure 8B. The first, la 
beled missile dynam involve 
simulating the motion of the missile 
by solving equations of acceleration, 
velocity, and position Th is in 
cluded in thes equation might bh 
those of aerodynamic lift and drag, 
rotation of the earth riable gravit 
force, acroelastic effects, and variation 
in the weight, moment of inertia, and 
center of gravity due to tu onsump 
tion Ihe position vector R deter 
mined from these equations repr 
ent the data measured -by_ the 
tracking radar. The s nd part, labeled 
guidance computer’, involves th 
lution of the guidance 


equation 


The y¢ Can be 
simulation 
formed by the 

ter. The analog 
third part of the 
includes the autopilot and 
face lo 
ot the missile, the 
be mounted on a 


programimcc 
exacth is th irc pel 
ground-Da ed compu 
forms the 


ontrol sur 


hardwa 

mulation 
mutate ngular motion 
iutopilot gyros can 
flight table Phi 
used for simulation 


platform, for 


device, widely 


contaims a mounting 


equipment which can 


veral degre of fre 


eaoTt 


ile angula 


the ector dé dt. are ted to 


ntrolling the orientat 


ANALOG-TO-.DIGITAL CONVERTERS (ENCODERS). 


FIG, 6. Shaft digitizer. Signal on 


common brush appears on parallel output 
brushes in unique code for each position of 
encoder (in this case, full revolution is divided 


into 2’, or 128, parts). 
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yPeading line 


vn Conducting 


FIG. 7. A, 


pulse-width modulation type. 


width of pulse that gates evenly-spaced pulses into counter. Cx 
before each reading. B, frequency- modulation type. 
mines frequency into fixed-time gate. Counter is reset before each reading. C, 
ripple-down type. Digital-to-analog converter generates a ‘‘one”’ f¢ 
cant bit, which is compared to analog-signal input, reset to “zero” if input is 
smaller. Programmer steps register to next bit, etc. Very fast, very accurate. 


surtoce 





rotate 


velocities, rep 





through 
} the mi 


ented by 


























table platform. The angular defi 7 
tions of the control surface which 
ire controlled by th t lot, 
used in the calculations of missile d 
nami . 
Before this contr d 
igned and before actual hardwa 
iailable for inclusion in the simula 
tion, the overall system in be repr 
ented entirely digitall n a high 
speed __Jarge-scal omput 1] 
higher-order autopilot effect in 
nevlected ilthough = the uld | 
imulated if desired, since nulati 
in real time is not n ul A 
detailed study may also | rack 
pendently on the analog comput 
i check on the svstem de } 
4 combined analog-digital simula 
tion of the tem is shown in Figure 
SC. The missile dynamics and radat 
compute ir imulated b 1 high 
peed larg¢ ile digital omputer I he 
1utopilot and contr urtaces are 
hown as the analo portion of the 
imulation. Analog computing equip 
ment can be used to simulate the au 
topilot and control surfaces until the 
actual hardware is available for inclu 
ion in the simulation. The thrust 
Analog voltage input determines 
yunter is reset 
Analog voltage deter- 
w most-signifi- 
. 
. 














] f the rocket motor unulat 
in the digital computer. It shoul’ b 
pointed out that there is a practi 
limitation to the number of dynami 
that can be pr rformed 
the digital computer because of it 
limited peed Lhis point will be di 
cussed somewhat more fully lat 

Dh control 
ingles can be 
form by 


culation 


surface deflection 
converted into digital 
haft digitizers. The digitizer 
code wheels must be periodically 
sampled and each sampled value in 

rted into the digital computer mem 
Ory in sequence, using the computer 
input-output instructions. ‘To obtain 
iccurate sampling times a 
required to imitate 

discussed in a previou 
this article). If a timer is used, then 
after sampling and conversion is com 
pleted the digital values must be 
until the digital computer has finished 
its set of ind is ready t 
read the new data. The number of 
data words which can be read at one 
time is limited by the bina 
of the computer 
therefore becomes nece ir’ vhen 
large amount of data is involved, that 
each data word be gated into the com 
puter in the proper sequence. A simi 
lar problem exists when data have to 
be transferred out of th digital com 
puter. Each data word must be gated 
into the proper digital-to-analog (D-A 
converter channel. Thus, the conver 
sion system must not -only consist of 
digital-to-analog and analog-to-digital 
(A-D) converters, but also an accurate 
timing generator, sufficient binary stor 
age registers, and proper gating. 

The choice of a sampling rate for 
the control angles depends primarily 


eparat 
ampling 
portion ot 


timer 1s 


tored 


( omput ition 


length 
input register It 





FIG. 8. A, missile controlled by guidance: 
, combined analo 


B, system diagram; and ¢ 


upo Trequenc' 


characterist oO 
the autopilot and as ociated equip 
ment. ‘The deflection angk uISeC 
in the coni>utat to resolve th 
iccodynamic and rocket motor force 
into their ial and side 

Ihe missile angular velocity vector 
dé/dt is determined from the aero 
moment: Ihe 


ompone nts 


dynami ind thrust 
vector components are converted int 
voltages after each digital computa 
tion and fed to the flight table to 
imulate the missile angular motion 
Special interpolation techniques may 
not be necessary because of the inte 
grating action of the flight table mo 
tors, providing the intervals between 
dé/dt « i] lation ir If thi | 
the case, the 
tained 


mponecnt in be main 
constant in the analog com 
puter during « ich digital-computation 
interval It may be nece ir how 
ever, to perform an extrapolation in 
the digital 
the computation delat The corre 
0, amd 6, can be delivered 
it a rate and of 
of the system 
imulations a ' 
iffecting the mi 
flight must be included, and at th 
ime time the 
be kept mall because of the rreque n 
of the 
The simulation shown in Figure 5¢ 
hows, somewhat ideally, all the d 


ilculations to eliminat 


tion signa 
to th 
form representati 


ruts pilot 


lor iat Hil lit 


number of tactor 
impun interval must 


characteristic tem hardware 


namics calculations being performe: 
by the 


not be entirelh 


digital computer This ma 
feasible unless a ver 
high-speed machine such as the Sper: 
Rand Larc is used. When the sam 
pling interval must be 
favor the 
number of 


increased to 
performance of a larger 
ilculations on the digital 





omputer via ground radar; 
ligital computer simulation 


uced whi 
thi tK 
xampk the 
n of the mi 
im the 


i umpled-data 


mula 


ontrol surtas 

flight table \ 
impled-da vith a relativel 
low i in quen tends to be 
le table 
terpart ( th delat mtro 
mputer Also 


npling and desam 


mtinuous coun 


duced by tl tal 
because 
pling re ( pp component 
the quem ind it ha 

imulation 
Still 


rAthiV 
dé/dt to the 
| duce the 


ligital com 


ike ul ions 
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SPECIFICATION 


SYNTHESIS 


EVALUATION 


Analyzing Control Systems 
GRAPHICALLY 


THE GIST: The basic idea of graphical analysis is to simulate system 
operation by tracing process variables and controller signals and 
plotting their action on a sheet of paper. The result is the transient 
response of the system. Combining into one construction the indi- 
vidual cause-effect graphs of elements comprising the system is the 
first step in finding its response. Subsequent operations use the slope- 
line method of integration, a powerful approach to problem solution. 
This is exemplified by Figure 1 and by “Slope-Line integration—A 
Review” on the opposite page. 


Graphical analysis even evaluates the performance of systems that 


contain interaction between elements, nonlinearities, dead time, and 


lags; and that use continuous, on-off, and sampled-data controllers. 


The advantages of graphical analysis are manifold: convenience, 


economy, and flexibility are a few. The method requires little equip- 


ment, yet yields accurate solutions; it proceeds step-by-step, but may 


be stopped at any step for observation; it is carried on without 


approximations or linearizations to system characteristic curves; and 


it gives plots of the variables against time. 


R. H. HILLSLEY 
Dynamic Analysis & Control Laboratory, 


Massachusetts Institute of Technology 


Easy visualization of liquid flow 
and levels in hydraulic processes justi 
fies the choice of a hydraulics prob 
lem for solution by graphical analy 
Sis Also, © these processes contam 
many nonlinearities, an interesting 
feature that can be handled easily by 
graphical techniques. Thus, a prob 
lem of this sort establishes an approach 
to graphical analysis that applies to 
all control problems 

A firm grasp of what happens physi 
cally in the process simplifies _ its 
analysis. The process selected con 
sists of two energy-storage elements, 
characterized in Figure 2 by a storage 
capacity for each of two tanks and 
restrictions for the flow resistance of 
pipe and output orifice. I'wo energy 
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pos ibility of oscil 
more 


storages add th 
lations, make system stability 
critical, and show more variations im 
character than do single-ecnergy stoi 
age systems 

\ centrifugal pump supplies fluid 
as flow Q,, to tank 1. A pipe, with 
flow restrictions R,, transports the fluid 
to tank 2. Valve orifice R, determines 
the demand flow Q,. By controlling 
the head in tank 2, the output flow 
of the process is regulated under 
closed-loop control. Signals from 
the level controller adjust a_ valve 
which controls the pump input to 
tank 1. The load tap is located above 
the bottom of the second tank so that 
it does not receive flow until Z, reaches 
this height. 


Ihe liquid level deter 
mine the state of the p it any 
given time. Here, dyn iteraction 
occurs between cau n) ffect: 1.€., 
the effect influen LIS¢ Thus 


the proces contains it il feedback 


paths. This inherent { ick makes 
problem solution more d ilt 

Now consider th em im it 
block diagram form, Figure 3. This 
view allows physic il interpretation of 
pertinent parameters. The tank level 
indicated as inputs, are not at their 
steady-state values at startup. Start 
up, a difficult phase of process opera 
tion, results in wide-range transients 
This wide range spreads out the con 
struction lines on the graphical solu 


tions, making the pr n solution 











SLOPE-LINE INTEGRATION—A REVIEW 


lhe method of slope-line integration, explained 
and developed in detail by H. M. Paynter (Conrrot 
I. NGINEERING, February and March, 1955) with 
application to basic control problems, is reviewed 
herein for those who missed these articles. 

I'he graphical solution of control problems is 
based on the slope-line integration method. Figure | 
reviews the construction entailed, using as an example 
the differential equation: 


dS /dt + Qall Y, (1 l 
where S equals storage, O, equals a step change of 
supply, and OQ, equals a demand flow. If Qu is a 


linear function of the storage, the equation is repre 


sented by Figure 1. Slope-line integration yields 
S(t), just as the literal solution yields S(t). 

he correlation between the graphical and literal 
solutions stems from assuming small increments of 


variables, rather than continuous values, as follows 
AS = (Q, —Qua)Al 2 
AS Q,(0 QalhT)\At/ 2+ (Q,0) Qa(4T)\At/2 3 


Figure 1 shows the construction lines that follow 
the instructions detailed in Equation 3. ‘The solution 


FIG. | 
SLOPE-LINI 
INTEGRATION 


associated with its appropriate time. ‘This 


vields an increment of S for each time interval. Each 
AS is added to the sum of the preceding values, and 
mistitute 
integration, since storage is the integral of net flow 

The linear transfer line serves only to bring S 
from a horizontal to a vertical axis, so that S can be 
plotted against time in the normal manner, Non 
linear transfer lines are also useful: one, for instance 
relates storage in a spherical tank to its level 

Integration of the problem in Figure | yields a 
simple lag of the form 1/(14-Tp \ subsequent 
problem uses such a lag. It is 
that the time constant is the reciprocal of the slope 
a of the linear O,(t) 
unity 


interesting to note 


In Figure | this slope equals 

In the more general use of slope-line integration, 
the demand need not be a linear function of S, and 
the supply may vary with time The hydraulic 
process used as the basic problem in this arti le con 
tains a nonlinear ( square root function, the rela 
tionship between flow through an orifice 
For this case, QO, in Equation | becomes approxi 
mately kS'/? 


ind head 








easier to follow 


pro ] 


(jt course once thi 
mmces may occur, such as a change in 
ontrolle: 
change in tank 2, or a change in the > Klement | 
uutput restriction, R pact 


input 
ct point to 


[he pump, an active clement, puts ical proce ince 


nergy into the proc Ihe tank il e the tanh 
lank storage 
integral of net 
expressed at any given time 
parameter—the fluid the kne« 
level, Z. The pipe, or transmission 


deter occurs until the 
tap height. But 


re this energy 
nined by the time 
flow, 1 
i singk of the 


line, typifies a passive element in ment 


which some energy is lost. Here, flow nonlinear 
depends on the head difference 7 

icross the pipe, and resistance R 
Ihe shaded areas in Figure 3 re pre neasures 
o that it do 


sent nonlinear svstem components in 


magnitude 
This truly represent 


liquid level reache tanh 


nonlinear for inputs that var 
input output 


mianit 
when 
through the kne« 
elationship Here, 


liquid level i 


vhich output magnitude does not im 


in Operation other disturb crease in proportion to an increase m 


(Con idl the ( 


call for a level clements on a functional basi ing float 


ontains an initial dead close 


the phi P blement 


the output tap | two tanh 
»ottom and no flow ig ould 


height 
clement is onh lems that fol 
through making th 
relation © Klement 
Hil MOM non 
t ituration and quare-root 


through RK an 


th nput vari 


of the input-output occur vith 


ind turbulent fi 
the f 


the float which 
constrained number 


drop bevor th nsuimyg pro 
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BLOCK DIAGRAM OF HYDRAULIC PROCESS 


linear nature of Element 4 minimizes ficient related 


nonlinearity 


However, in practice it Multiplication by a cot 





is not necessary to assume a nonlinear fluctuations because small variations to the variable is a nonlinear opera 
ity that applies exclusively. Instead, in controlled level Z, produce even tion. In effect, the variable is being 
an exact measured or computed rela smaller percentage variation raised to a power different from unity. 
tionship may be used in the solution P Element 6 represents the valve’ P Element represents a centrifugal 
of the control problem. This is esp effect of multiplying flow by a factor pump. Here the sign of the feedback 
cially important in problems where X/100. The factor varies between ind the actual nonlinear function (in 
the flow varies over a wide range, zero when the valve is closed (X 0) this case arbitrarily represented by a 
since the Reynolds number itself is percent) and unity when the valve is quare root) depend on the geometry 


a function of the flow OQ. The non wide open (X 100 percent of the pump’s blading 


OPEN-LOOP CONTROL with a programmed valve 


the 
and previously determined 


Since 
tate condi 


from a of tests 
the process is under stead 
tions all of the flow 


Evaluation of an open-loop control is common where load is cyclical tained 


problem establishes essential back 


SCTIC 





ground and procedures that aid the 
solution of complicated closed-loop 
problems. Therefore the first step 1s 
to graphically analyze the process in 
Figure 2 under open-loop control; o1 
more specifically, under control of a 
programmed valve. This arrangement 
is shown in Figure 4. Here, valve 
position changes with time and this 
causes a consequent change in tank 2 
fluid level. The valve position is in 
dependent of the level, since no ex 
ternal feedback exists. Such a control 
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Figure 4 contains graphs of the in 
put-output relationships of variou 
Slope-line integra 
tion and inherent physical conditions 
determine the transient of 
the system where subjected to supply 


process clements. 


re sponse 


flow changes through valve positioning 
with time. 

Prior to t 0 the at 
equilibrium, as is indicated on Graph 
Il of Figure 4 at X 60 and Q,, 
This graph contains the pump and 
valve-position characteristics as ob 


process 1S 


Graphs II, Ill 
ind IV) are equal, as is established 
by appropriate levels in the two tanks 
At t 0 the valve position chang 
suddenly and rises to X The 
average valve position over the initial 
time mterval equals 81; other positions 
apply for succeeding intervals 


SU 


The integral of flow is storage. But 
since in this case the tank areas ar 
constant, the flow integral can be 
related directly to tank level by the 


slope-line method 


\ slope-line with a run of At and a 
drop of 2A, is put through point 0’, 
ycurring at 81 and Z,(0 Supposc 
the flow out of tank | at t 4 is al 
bitrarily taken as O’,(4 Then the 
level at the end of the first half inter 
val would be Z’,(4 Now the flow 
into tank 2 must always equal the 
flow out of tank 1, but here Q%,(4) is 
insufhcient to compensate for the flo 
discharge. Thus the level in tank 2 
drops to Z’,(4), along the slope line 
of At/2A, starting at point 0 on I\ 
Note that as Z’,(4) becomes smaller 
Z’,(4) becomes larger. Also, the flow 
through the restriction R, depends on 
the difference in head (III). 

Che actual O,(4) is determined by 
increasing the trial value O’7,(4) un 
til the difference in head satisfies the 
resistance relationship indicated by th 
characteristic in III. The relationship 
between a change in the assumed value 
O’,(4) and the resulting change in 
head across R, at t 4 depends on a 
linear equation because the other two 
slopes are linear. Thus, a line with a 
P run of At, and a 
> rise of 4A, + 4A, at [Z7’,(4) 
Z’.(4); QO4(4)) that passes through 
the trial point intersects the R, curve 
and thus gives the true value of O,(4 
I'his value is then transferred horizon 
tally in both directions. Here, interse« 
tion with their respective slope-ine 
determines Z,(4) and Z,(4 

In a like manner, the levels in the 
tanks at the end of the first period ar 
found by running the slope line on 
Il through the 4 point back to valve 
characteristic X 81. This corre 
sponds to adding the increment of 
level that occurs during the second 
half of the first period. Values of Z 
that occur at 0, 1, and 2 are tran 
ferred to the Z, vs. t plot (\ bi 
means of the transfer linc 

For the second period the cond 
tions at the end of the first period 
become the new initial condition 
ind the procedure is repeated as above 
Hence, for the second period, th« 
tarting point on II is Z,(1) at an 
iverage valve opening of 83 percent 
ind on IV it is where O,(1) inter 
ects the R, characteristx Again 
lopes are run through these point 
to the trial line The two levels ar 
measured off and their difference plot 
ted on the trial line in III. From thi 
point a line with a run of At and 
rise of 4A, + 4A, is brought back to 
R,. The intersection point determine 
the flow O,(14 This value 
ferred horizontally in both direction 


tran 


cle is completed. 
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FIG. §. ON-OFF CONTROL 
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CLOSED-LOOP CONTROL 


In om ntrol the 


level for a ¢ } erage \ ilue of valve 


output 


ermimed with the 
pendent of output 
control, valve 
level, a 
That i 


from 


position 
‘ alve p 1 
level In ‘ op 
position | } on the 
sensed by a echanism 
valve siti nmand arises 
the iro r tl difference between 
th vel oint and the existing 
The graphical onstruction — of 
closed-loop vith continuou 
controll vulat the system it 
self, but thi 


each 


mains fixed for 
time ite il At Suppose, at 
the start of the analysis, a certain et 
ror exist Th fed back through 
the controll moves the 
to reduce the et 

sition affects the flow 


proce 5, a 


valve stem 
The new valve po- 

and levels in the 
explained in the open-loop 
in a new output level 
compared with the level set 
© calls for 


case, and result 
This is 
point, and the r ting err 
1 new positic n 

Analysis of closed-lo p 
therefore 
to the open-loop cas 
valve positi 1 for each time 
on the error at the end of 


And, ot 
itself 


ystems pro 
manner similar 

except that 
interval 


ceeds 


depend 
the preceding time imterval 
course the 


must be taken int int 


ontroller action 


On-off control 


of the 
Figure 
ontroller in conjunc 
tion with the hydraulic process. Graph 
VI shows the characteristics of the 
controller: when the level rises 


An on-ott ontrolle is ore 
simplest feedback controllers. 


5 shows thi 


above 
the set point the controller delivers a 
signal to close the valve: and when 
set-point 
Since the 


level-sensing mechani mav not be 


the level droy below the 
f 


inother ignal 


powerful enoug! hange the valve 
setting, an tor ed.. Here it 
assumed the ily ictuator have 
a simple lag, a wn bv VIL. Its con 
struction gure | 

At the t « he roblem both 
tank ( ny nd the valve i 
clos nt el is below 

vhen the 

ilve actuato 
open 


Ching B 


SAMPLED-DATA CONTROL 


Althou t iid nteresting 
ipp! ( Hrigue to an m 
: ontinuou fhect 
the I non 
by-passed 
ining the ett wi 


this will be 
graphically exam 
am pled <lata 


itt 4 the valve 
open due to the lag. This calls for in 
reased flow and higher tank level 
which, using the graphical procedure 
for the solution of the programmed 
ilve problem, result in Z,(1 at 
t l. Z.(14 compared with the 
on-off control characteristic. Here, the 
error has diminished, but the controller 
still demands (and the lag prevents) a 


only 14 percent 


full-open valve 
The ibove 
repetitively 
transient response of the output, as 
een in V. Not until 64 does the 
above the set-point and 
ictuator to reverse 


procedure, carried out 


develops the complet 


error ris¢ 
thus command the 
its direction and drive the valve closed 
Ihe proce is unstable the 
level never reaches a constant steady 
However, the 


output 
tate value iverage 


value becomes constant, which may 


be satisfactory in certain ipplic itions 
Proportional control 


Proportional control may be looked 
wpon as a more general case of the on 
off controller. Here, the controller char 
icteristic has been tilted to have a 
finite slope ‘ whe r¢ the lope al te Tinines 
controller gain, or inversely, the pro 
portional band. Figure 
process with a proportional controller, 
VI. This arrangement assumes direct 
operation of the valve by the level 
Therefore, at VII there is 
no lag, but merely a transfer line that 
uids construction and reflects the con 
troller output valve 
termined from 7 
in Gr iph ] 

The gt iphi¢ i] solution of this prob- 


6 shows the 


mechanism 


position (as dé 


lem contains no new construction. At 
the start the tanh ire empty and the 
alve is 100 percent open. For the 
first several time intervals until level 
\ and approaches the set-point 
the val emains open. When thi 
happens 7 icting through the con 
troller slope, calls for a smaller open 
Ih ited until the level 
caches a steady-state valu 
to bigure 


procedure 


here is more significan 
6 than simply indicating the 
for solving the control problem under 
infl mnce of a pro wrtional con 
Ihe Iditional significance i 

on the 


to the 


mdition he three mo ot 
trol are ed for different reason 
© proportional action ti the 
rect iction directly to the error 


© resct action reduce the teadv-state 


onto the X-t curve 


ire { with | rue 
The in of the output information 
at the | ! ot the 
pond 


struction mn 
to the feedback 


diagram of 


Figure 
loop 1 the block 
bigure This valve-position signal, 
with the tank-l 


imp upply O 


together level, de 


termines th via line 


, 


in bigur Ihe solution in lig 
ure 6 doc rot require line 2) be 
cause the pump characteristic is al 
ready on the O 7, graph. From thi 
supply flow, say at t 14, is subtracted 
the flow f tank 1, or O,(14 
Q,( 14). He QO, has been brought 
back along the feedback line (3 
from the h at the right. The dit 
divided by tanh 
small 


out 0 


ference in flows 1 
wea A, and nultiphied by a 
i time At/. I his 
tion corresponds to inte 
slope line, and vields AZ, for 
half of the interval 
Similarly, OQ, is carried along signal 
line + to where 
tracted from it O, doe 
to be determined from 
characteristx 


mcrement opera 
ration by the 


the first 


O, may be sub 
not require a 
signal line 
7, be orice 
R l plotted nt the 
slope line determine the 
AZ, to be added to 7 

A simple nanual oper 
plishe graph illy on Figure 6 the 
feedback operation, line (6) on biguire 

Here is marked on the edge 
of a piece of paper From this 1 
ubtracted 7 The difference 7 7 
is then transferred to the 7. 
7 pl it 


its the 
ume graph Th 


mcrement 


ition accom 


Dead time 


bigur whion of the 
tem with dead time of two units in the 
feedback loop between the level mecha 
nism and th ontroller. Physically 
dead tim ins that an effect at time 
ft aris ! i wuse that occurred 
Ixactly this 
f yphii il proce 
dure. In bigu the lution for find 
ng the new valve position use it the 
dead tum ilue of Z, that existed 
tim ls pr nish Thu 
th 
deter 


ome tine 


concept 


for the 


with com 
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FIG. 7, DEAD TIME IN CONTROI 


bined controller actions may be real 
ized with no inconvenience. A 
weighting function operates on the 
error signal in a manner peculiar to 
the type of action desired. The com 
bined weighting function is a linear 
combination of the basic weighting 
functions. Figure 8 shows the weight- 
ing functions for proportional, reset, 
and rate actions, and their correspond 
ing controller response to a step-input 
Che weighting function for propor 
tional control is a single pulse at the 
origin. The weighting function for 
reset control is integration, It is ob 
tained by multiplying each past error 
signal by the same constant and add 
ing the total of the products to get 
the control command, The weighting 
function for rate control is a positive 
pulse followed by a negative pulse. 

Each weighting function, then, is 
equivalent to a factor by which the 
error is multiplied during each time 
interval. The controller output is 
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SYSTEM 


the sum of the products of past sam- 
ples and their corresponding weight 
ings. For the proper samples to be 
available, the problem increment timc 
must be an integer times the sampk 
time. In the problem the increment 
is made equal to the sample time. 

Figure 9 shows the combined 
weighting function for the three-ac 
tion controller, together with the con 
troller’s response to a step-chang 
Here, all past samples are multiplied 
by a except the most recent three, 
which are weighted ay, a, and a 

Only the controller and output sec 
tion of the hydraulic process used as 
the example in graphical 
analyses will be examined under sam 
pled-data operation, The principal in 
tent here is to show to find the 
valve position from the level error sig 
nal, with the process under sampled- 
data control. From here the analysis 
proceeds in the manner described in 
the previous examples 


previous 


how 


Figure 10 shows the pertinent 
tion of the sampled-data problem 
Ihe graphical analysis simulates the 
combined weighting function as it ac 
tually occurs in operation. Thus, the 
analysis carries out exactly what the 
controller itself is doing 
> first sample—the first interval error, 
e(4), is multiplied by the weighting 
function for the first interval a,. ‘This 
establishes a new valve position, 
which in turn sets the level to a new 
value. The difference between the 
new level and the set-point equals the 
error for the second interval 
P second sample—the 
e(14), 
to a, times the first error 
lishes another new error, e( 
P third sample—now the valve 
position derives from the relationship 


OI 
} I 


second erro! 
is multiplied by a, and added 
This estab 


new 
ae(24) + ae(l4 + a,e(4 ind a 
new error results again 

P fourth sample—a,e( 34 
ae(4) 

P fifth sarmple ae(44 
ae(14) + ae(4) 

Pand so on until the 
the set-point under 
tions. 


le vel TCa¢ he S 


teady-state condi 

The weighting produces a fast re 
sect component large 
The integrator goes up to a high vatuc 
during the time (the first six intervals 
it takes the level in tank 2 to reach 
the set-point. Now the sign of the 
error reverses, calling for the controller 
signal to reverse its direction and clos« 
the valve. But with an error input 
of opposite sign, it takes a long time 
(about the next eight intervals) for 
the reset, or integrating, 
reverse its own sign 
the error in level 
because the (which has 
a lag, not shown) is wide open. ‘Thus, 
from the output response, a 
overshoot, partially limited bi 
system nonlinearity, develops. ‘This 
oscillatory condition that 
the speed of the integral action should 
be reduced by 
from its weighting function 


OTHER POSSIBILITIES 
The 


analysis is broad 
other types ot 
without much mor 


because a, is 


action to 
During this time 
continues to in 
crease valve 
as secn 


large 
indicates 


subtracting a constant 


graphical method of system 
It can handk 
system components 
effort. Backlash 

only that the 
proper choice be made between 


man 


for mstance, require 
two 
characteristics: one for the 
swing of the input 
other for the downward swing. Simpk 
limiting, another effect, ha 
trated for the 
fully-closed 


upward 
variable, and an 
been illu 
cases of a wide-open or 
valve Time variable sys 
lend themselves to this 
method: here the time plot determines 
the value of the parameter each time 
it must be used in the 


tems also 


solution 
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What Price Performance? 


Once the control engineer has described his process, specified control 
performance, and studied proposed automatic control schemes, he can state 
whether control is technologically feasible. If it is, he can recommend the 
simplest and most reliable system that will meet the control performance 
specifications. But until he can attach cost figures to each alternate system, 
he cannot demonstrate which of the alternates will conform to the pay-out 
period of the plant or facility in which it is to be installed. 

This article uses two case histories to show how to arrive at comparisons 
of cost and performance. The first, industrial speed regulation, takes a 
nonmathematical tack. The second, conversion of a batch neutralization to 
a continuous one, follows the same approach until it gets to the basic prob- 
lem—sizing the neutralization vessel. Then it adopts a mathematical analysis 
to arrive at detailed answers. 


A CtE Staff Study Based on Control Systems Designed by 


E. S. Dygve, Industry Control Dept., General Electric Co. and 
C. W. Sanders, Engineering Service Div., E. |. du Pont de Nemours & Co., Inc. 


SPECIFICATION 
_ SYNTHESIS 


EVALUATION 





FIG. 1. Ball-bearing-cradled de dynamometer, rated at 200 hp 250 volts, shown testing an automobile gasoline engine. Over 
(absorption) and 150 hp (motoring), 2,500 to 8,000 rpm, and laid block diagram shows the flow of signals and power 
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TABLE | 





RELATIVE 
INSTALLED 
cosT* 


POWER-CONTROL DEVICES 





1. Magnetic amplifiers a 

Because a single one is nonreversible, 
two must be used in a “push-pull” circuit 
operating at high power. The resulting 
power loss is about four times that of 
a single magnetic amplifier. 
2. Rectifiers or thyratrons 

Nonreversible also; require extra tubes 
and circuitry for reversing. 
3. Motor-operated rheostat 

Mechanical factors retard dynamic per- 
formance of entire system. 
4. Amplidyne generator 

A rotating power amplifier which is 
flexible and 
faster than a dual-generator rotating 


reversible, it responds 
amplifier. Electronic preamplifiers (vacuum- 
tube and magnetic amplifiers operating at 
a medium power level) provide cheap 
additional gain for improved regulation 








Approximate values for simplified equipment 
1.0 for simpie nonreversing circuit 
0.8 for simple nonreversing circuit 


** 
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R= Reference speed voltage Generat 
Measured speed voltoge 
E Error voltage -=R-S T ‘achomete 


Dynamome te 
E,. = Dynamometer counter -emf R ynamomete ® voltage drap 


f 37 Generator terminal voltoge (Rie External armor voltage drop 
FIG. 2. Schematic diagram of generator, dyna 


mometer, and measurement and control cireuit 


FIG. 3. Saturation curves of generator at no 
load and full load 


AUTOMATIC REGULATION OF ROTATING MACHINERY SPEED 


De rotating machinery provide an increasing 
portion of the total prime-moving horsepower for 
Much of this is auto 


regulate 


American industry today 


matically manipulated to speed, tension 


feed rate, flow, torque, et The requirements for 

degree of regulation, dynamic performance, stead 

tate horsepower, and dynamic horsepower vary over 

a tremendous range But common to the vaned 

applications are 

P measurement 

© detection of error between desired and measured 
onditions 

> error amplification 

> continuous modulation of electric power supplic 

to balance loads and thus hold the detected error 

within 
Ihe installation on which this discussion hing 


hown in Figure |. Itisad 


specified tolerances 


ynamometer drive for 
testing gasoline engines It serves to demonstrate 
the technical aspects of applying controls to rotating 
machinery with ratings up to 700 hp. And because 


the particular application require excellent regula 


tion, rapid response, and a flexible base load, it form 


i setting for a general discussion of speed-control 


performance and how much one must pay for it 
\ tachometer 


mounted on the dynamomet 


pro ides the 
vith the 


difference, a 


measured speed sig 
reference peed ignal | 


deviation between the 


excites the generator field direct! 


through additional amplification. | 

by the generator drives the dvnamomet 

i motor with a cradled stator that t 
ring or torque-arm on the torque mea 
Normally employed in absorbing pow 


engine under test, the dynamomet 
motor” the engine during certain po 
t evel 


engine as 


Power reversibility is a mi 
a dynamometer load that 


r draw power In either case pe 


defined as the deviation in speed that 


from zero to maximun 
yvstem holds th 


| pure 2 1 


vad change 
nearly constant the 
counter-emt chemati 
clement hows the counter-cr 
voltage, Kar, mi 


ally varied to maintain [-, constant 


ystem 
generator terminal 


requires a revel ible generator-field 
lable | COTMpAa4res y¢ cral 

[here imc many Aux lary and 
uch as preset speed, acceleration 


wrent and voltage limiting, and 
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While they may have great importance in specific 
applications, they are not covered here. 


Figuring amplifier gain for regulation 


Assume that Ey at base speed is 250 volts. At 
no load Eq, is also 250 volts, since no current flows 
in the armature loop shown in Figure 2. At full 
load, the internal voltage drop, (IR),, and the 
external voltage drop, (IR),, total 20 volts. This is 
the increment that the generator must make up to 
maintain Ey, and hence the speed, constant over 
the entire load range. In Figure 3, the saturation 
curves of the generator show that when the change 
from no load to full load occurs, the generator field 
voltage, Ey», must increase from 175 volts to 210 
volts, ‘This 35-volt change must be developed from 
the error signal. 

With the tachometer belted to produce 100 volts 
at base speed, assume a desired regulation of 3 per 
cent. ‘This means that the speed, and hence the 
tachometer output voltage, can change 3 percent. 
Therefore, the maximum tachometer error voltage is 
3 volts. The 3 volt change must cause the generator 
field voltage to change 35 volts, and this requires a 
voltage gain of about 12 through the power-control 
device. Without considering any refinements or 
auxiliary functions, an amplidyne without a pream 
plifier can provide this much gain. Figure 4 is the 
basic circuit. 

Better regulation than 3 percent requires preampli 
fication, and the more complex circuitry entailed 
costs more. ‘Table II compares the regulation and 
cost of two types of preamplifiers with the regulation 
and cost of the amplidyne without a preamplifier. 
The relative costs are figured on the elementary cir 
cuits and components without auxiliary functions in 
their many possible combinations . 


FIG. 4. Elemental circuit diagram for amplidyne- 
= dynamometer speed-control system. Note sta- 
vilizing winding for amplidyne and the generator arma- 
ture voltage rate feedback to the error detection circuit. 
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TABLE ll 





Amplidyne preamplifier Relative 


cost 
Amplidyne only 3% 1.0 


Amplidyne with magnetic 1% 5.0 
preamplifier 


Amplidyne with electronic! 
preamplifier 


01% 





TABLE il! 





Reference power supply Drift Relative 


cost 


3% to 10% 1.0 


Ac shop bus stabilized with a 1% 5.0 
constant-voltage transformer, full- 
wave rectifier, and filter 


De shop bus 


Feedback-stabilized electronic vol- 
tage regulator with neon-tube 
reference 





Drift 


Drift is defined as the random wandering of the 
output speed when there is no load change or 
reference speed setting change. It has several sources 
> Forward path of the regulating loop, where its 
effects are reduced in proportion to the system gain. 
Change in generator resistance due to heating in 
the generator field is an example. Change in gener 
ator armature voltage caused by ac drive motor speed 
changes is another. 
> Feedback path, where its effects are not reduced by 
gain and therefore cause direct changes in output 
speed. Buildup and breakdown of the tachometer 
commutator film can effect a speed change of one 
percent in a system similar to that in Figure 4. 
By feeding the tachometer output into a high-imped- 
ance electronic amplifier the current drawn from the 
tachometer can be decreased and the drift cut to 
one-tenth of one percent or less. 
> Reference power supply voltage changes, which the 
system follows faithfully, by design. In many parts 
of the country de power is not available; in others, 
the ac supply is subject to severe frequency and volt 
age variations. ‘Then the choice of a reference power 
supply must be consistent with the performance 
required of the overall system. ‘Table III evaluates 
three. ‘Their cost increases as their potential drift 
decreases, but note that the overall reduction in drift 
is in the order of eight times greater than the increase 
in cost from the cheapest to the most expensive 





Transient response 


Dynamometer speed response to a reference speed 
change, a load change, or a change within the system 
is not instantaneous. For more rapid response many 
of the system components can be redesigned. “Simu 
late the System with an Analog Computer’, $. D 
Reque, page 138, covers several possibilities. But 
with the dynamometer and its load range specified 
improvement of transient response becomes largely) 
a matter of creating rapid changes in the generator 
held current 

Because the generator field consists of inductance 
ind resistance in series, the field current builds up 
exponentially with time, along the characteristic 
curve of Figure 5, after a sudden change in field volt 
age. By applying more voltage than the field voltag 
needed to carry the steady-state base load, that is 
by “forcing the field”, the field current can be mad 
to change more rapidly, as curve 2, Figure 5, shows 
It is most practical to leave the rated amplidyne 
voltage unchanged and to rewind the generator field 
for a lower voltage. Rewinding for one-quarter the 
held voltage will roughly quadruple the rate at which 
the field current can change. Because the amplidyne 
rated voltage is unaltered, and because the generator 
rated field current is increased in proportion to the 
reduction of generator field voltage, the power for 
ing 1s also quadrupled. The amplidyne must be 
rated according to its peak power requirements even 
though three-quarters of its available power capacity 
is standby most of the time. ‘The relative cost 
tructure 1s 


Relative Cost 
Determined by 
Necessary Amplidyne 
Rating 
1.0 
3.0 


45 


Power 


Forcing 


I here are other ways to improve transient response 
but they all require added amplifier gain and added 
power capacity Iherefore, they all increase cost 


Other conditions 


Ihe control engineer must do more than solve 
the technical problem at a justifiable cost. He must 
factor in the peculiarities of each installation 
[hey may be 

|. Plant physical conditions—temperature, humidit' 
dust, vibration, and corrosive atmospheres 

2. Caliber of 
treat 
trouble 


maintenance people—how do the 
clectronK 
hoot it? 


3. Spare-parts inventory 


control equipment and can they 
when a plant has standard 
ized on types of control equipment any increase in 
pare parts due to additional types must be weigh 


aunst improved control performan 





c 
wD 





FIG. 5. Approximate effect of powerforcing on 
a generator feld with a 2.0-sec time constant 


Fitting the application 


Figure | shows the application. In an automo 
tive development laboratorv, where many other elee 
tronic drives are already installed, maintenance and 
spare-parts inventory cause no worry. Physi il condi 
Available is a well-trained staff of 


maintenance personnel ver ed in electron 


tions are ideal 
equip 
ment. Several types of test runs are spe ihed 
© Loading and unloading the engine under difterent 
conditions 

> Heat runs, in which the engine is run at constant 
Although th 


change, the speed must remain as nearly 


load for long penods load does not 
constant as 
I'herefore the drift must be minimized 

> “Firing-to-friction When the 


ture, at the set load and speed, reaches a steady valuc 


possible 
cngine tempera 
the ignition is suddenly cut Ihe operator then 
must read the friction load on the dynamometer 
cale and at the set speed. Until the ignition is cut 
through the 
generator drive motor into the ac power maim sul 
it the instant that the engin top 


mometer 


the dynamometer pumps power back 


firing, the dyna 


must cease absorbing engine power and 


witch to driving the dead load of the engine Thi 
engine has several thermal time constants, one of 


vhich is very fast I herefore, on the engine top 


firing, the temperature, and the esponding frie 
But friction must be maintained 


to geta reading Thi 


tion, drop rapidly 
means that the system must 


correct the transient peed change before the fastest 


ippr 


lransient recovery and respo in thi 


thermal transient deca 
applica 
tion, have primary importance Ih ill for maxi 
mum generator field forcing an mphidyne with 


in clectrome preamplifier performance 
required and met—well justifies tl remium price 


for che equipn nit 
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CONTINUOUS AUTOMATIC WASTE NEUTRALIZATION 


Neutralization of chemical solutions is a common 
industrial unit operation. Conversion of the 
neutralization from a batch operation to a con- 
tinuous one meets a need for greater processing 
capacity and usually reduces the processing cost 
per pound of throughput. ‘The control engineer 
enters the picture to study the several ways of mak 
ing the operation automatic, Faced with several 
alternate measurements of the chemical reaction end 
point and several possible “handles” for controlling 
the reaction, he must recommend a combination 
that is the simplest, most reliable, and most economic 

in original cost and in operating cost. His analysis 
of performance and cost of control equipment alone 
can be a key factor in determining whether the 
conversion fits the planned economic structure of 
the plant in which the equipment is to be installed 
To handle the job he must gain an understanding 
of the chemical reaction involved, of the material, 
composition, and energy balances, and of the way 
the processing equipment works. As his study pro 
gresses, he is likely to find that the dynamics of the 
reaction, energy exchange, and material balance in 
fluence the extent of controlled deviations much 
more significantly than do the dynamics of the mea 
suring and control instruments, In such a situation 
he must join the process engineer in specifying 
neutralization vessel volume and mixer horsepower. 

The case reported here is one in which the 
dynamics of the material balance dominate. ‘lhe 
report follows the control engineer's steps from 
the start of the job to his charts of control perform 
ance vs. the costs of neutralization vessels with differ 
ent volumes. While the automatic system that 
evolved from the study will hold maximum controlled 
deviations to within 0.05 percent of full range in a 
20-cu-ft vessel, the same control system will maintain 
the deviations within 0.1 percent in a vessel with 
one-fifth the volume. Here is opportunity for a two 
to-one reduction in original cost at a known expense 
in control performance. 


The reaction 


Water and dry lime are added to an unneutralized 
sulfate solution to produce lime solution and useful 
neutralized sulfate. 

Figure 6 shows the elements. 


U(HSO,) + 2Ca(OH) > U' + 2CaSO, + 2H,0 
H SO, + Ca(OH)y-+>CaSO, + 2H,0 + Heat 


Material balance 


The equations for material balance determine what 
changes in unreacted H,SO, accompany changes in 
the lime feed rate at various frequencies and for 
various neutralizer vessel volumes. 
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Recycle 7? 








Aqeous lime 
solution 


F , total feed, cfm= Al + Fy + F and F : Fe as y « F 
FIG. 6. Flow diagram of neutralizing system, 
without measuring and control instruments. 


weight fraction of unreacted H,SO, in mixture 
volume, cu ft, of neutralizer vessel 
density, lb per cu ft, of mixture 
y lb of H»SO, added in excess of equilibrium need 
F, total feed, efm 
F, = total output, cfm 
Then y(t) : V p as T (fk 


© F.)r 
dt . ue 


In operational form, 
Y (8) = V pa X 4 FP, p b 4 


1 


, V 
Fip( P, 8-7 1) 


and 


Both electrical conductivity and pH measurements 
of unreacted H.SO,, based on tests either in the 
laboratory or on the existing batch operation, cot 


relate with the end-point criterion. Both have a 
practical change in value with incremental addi 
tions of lime. ‘The change in electrical conductivity 
at the end-point is 1,400 micromhos per cc for each 
percent increment of lime. pH change is 0.7 units 
for the same increment. 

The preferred measurement of this end-point is 
electrical conductivity because its measurement sensi 
tivity is greater, the electrode maintenance is easiet 
under the prevailing service conditions, and _ its 
dynamic response is faster. (The nature of the 
material being processed would require a pH measure 
ment with an external sampling line and sample 
preparation.) An element made of Pyrex tubing 
and small platinum-band electrodes is well suited 
for this application. If electrical conductivity is the 
measured variable, the quantity of soluble conduct 
ing material in the water recycled to the neutralizing 
tank must be small compared to the quantity of 
soluble conducting material present at the neutra 
lizer’s operating point. 

The input selected for manipulation by the con 
ductivity controller is the unneutralized sulfate 
solution. The choice is made on these bases 
1. The transient response of conductivity to sul 
fate-feed rate change is faster than the response to 
lime-feed rate change. 





2. The manipulating means is a valve, a simpler 


device than the mechanism required for resetting 
the poise of the gravimetric lime feeder. <A scale 
feeder with a fixed-speed belt drive will feed lime to 
the neutralizing vessel. ‘The unit reportedly will 
maintain the lime-feed rate within plus or minus 
one percent over one-min intervals. 








The proposed system Gravimetric 
lime feeder 











With the measuring element and primary control 
means specified, it remains to determine the volume 
of the neutralizing vessel, specify a controller, and 
lay out auxiliary control systems for the level and 
temperature of the mixture in the tank. Figure 
is a schematic of the complete proposed system 
Temperature control by manipulating cooling wate: 
passed through a jacket around the vessel is necessar\ 
because the reaction liberates heat. 

The block diagram of the conductivity contro! Level 
system, still based on unreacted H,SO, in the mix controller 
ture, is shown in Figure 8. The dynamics of th« t re, ycle 
conductivity meter, the controller, and the valv« 
actuator can all be neglected because they are, by 
test, found to have insignificant effects on the 
dynamic response of the system. ‘This broad stat« 
ment does not refer to the reset (integrating) and 
rate actions of the controller. ‘The agitation and 
reaction dynamics represented in their blocks arc 
those measured in determining which of the lim« 
or sulfate-feed rate changes caused the most rapid » Conductivity nm 
change in mixture conductivity. ‘The agitation -, Controller 
dynamics will vary with degree of agitation ?* and FIG. 7. Proposed automatic 
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FIG. 8. Block diagram of proposed automatic neutralizer. Blocks contain dynamic and static characteristics of each clement. 
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with total flow rate. 


But the predominant transient 
effect in the system is the volumetric time constant, 
V/F, in Equation 2 
the volumetric 
times greater than the reaction time constant, R, 


In the case studied by Sanders, 


time constant was from five to ten 
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ind from ten to twenty times greater than the dis 
tance-velocity lag, D, of the agitation. ‘Therefore, 
aside from adjustment of controller actions the 


vessel volume is the lone variable parameter of the 
system 


lo determine how 


volume influences 
control-system performance, the magnitude of unre 
acted H,SO, deviations in response to 


variations of the 


the vessel 


inusoidal 


lime-feed rate is calculated at fr 


quencies within which the system function I he 
block diagram in Figure 8 symbolically shows the 
lime-feed rate disturbance, F’,, its response, x, and 
the dynamic and static characteristics of the control] 


components, The relationship between x and I’, is 


\ N 
PF VK 
‘ lie | 
Rs +1 Fi p (VE 
De l 5 
1 + - -VCM 
(Re+1) Fi p(V/Fye +1 


By replacing s with jw and inserting appropriate valuc 
of », frequency of variations in lime-feed rate, the 
deviation ratio curves of Figure 9 are produced. ‘The 
downhill curve-paths to the right of the peaks in the 
curves demonstrate that the neutralizer vessel volume 
ittenuates the effect of rapidly changing variations in 
the lime-feed rate. The high gain of the controller's 
reset (integrating) action keeps the deviation low at 
low-frquency changes in the lime-feed rate. At inter 
mediate frequencies, though, the controlled deviation 
hits its peak. ‘The peak slumps as the volume of the 
neutralizing vessel increases. Curve |, Figure 10, a 
plot of deviation at the resonant frequency of the 
system vs. vessel volume, shows the peak-reducing 
effect more completely 

But the larger the vessel volume, the higher the 
cost of the vessel. Curve 2 of Figure 10 shows the 
relation between vessel volume and cost. Curve 3 is 
a plot of the rate of change of peak deviation with 
respect to cost for a range of neutralizer vessel vol 
umes. Sanders selected a volume of 5 cu ft. Would 


o 
you 
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SYNTHESIS 


EVALUATION 


Organized Process Testing 


Fluid-process control testing leads to improved performance—an asset which 


increases in direct proportion to a plant's capital investment and its value 
of throughput. But the testing procedure itself must fit the problem at hand 
to prevent upsets and control costs. 


E. W. JAMES 
Engineering Service Div. 
E. |. du Pont de Nemours & Co., Inc. 


Information.obtained by testing fluid-process 54 
tems enables a process-control engineer to compute 
system performance and make rational design 
Interpretation of these data depends not 
only on the engineer's experience in performing test 
and on his knowledge of control fundamentals and 
frequency-response methods, but also on his under 
standing of the process operation under test 

\ methodical approach often can simplify system 
testing, assure accurate data, and minimize testing 
time. ‘The testing procedure consists of four steps 
> planning the tests 
P selecting the test equipment 
P making the tests 
P analyzing recorded data 

But before examining these steps, consider some 


dc CISIONS 


of the basic aspects of frequency r POTise 


Frequency response 


‘Tests of fluid process control systems involve appli 
cation of frequency response techniques In fre 
quency response, one of the main difficulties i 
determining transfer functions of components of the 
plant and its controls. But if they can be found, the 
quantitative analysis of the 
straightforward manner. 

Ihe transfer function of a component (or group 
of components) in a system is the ratio of the 
output signal to the input signal. ‘This ratio can 
be displayed in either of two equivalent forms 
P graphically—as plots of magnitude ratio and of 
phase shift angle, versus the frequency of the input 
signal, called Bode diagrams 


process proceed it a 


engineers prefer that 
plant and instrument performance be presented as 
Bode diagrams because in this form they can be most 
readily manipulated; diagrams of several components 
provide the system's overall transfer function 

That is, combining graphically the individual 
responses of two or more Components in series results 


in another plot,where the new magnitude equals the 
product of the individual magnitude 
phase shift equals the algebrai 
phase shifts 

> mathematically—an example of the mathematical 
form of a transfer function is 1/(1 + jo 

I’ is the time constant of the component and ¢ 
frequency 


ind the new 
um of the individual 


where 
is the 
Mathematical forms are obtained from 
cither theoretical analysis of the omponent, or from 
the graphical reduction of the output 
step input 


respons to a 
Once obtained in this form, the transfer 
function can be readily plotted a 


l ransfer 


i Bode diagram 


functions derive from several sources 
lor instance 

P process-design engineers, who furnish the numbers 
from piping and equipment drawings for defining 
some process transfer function 

P instrument vendors, who supply frequency-response 
idvisable to 
tandards are still 


formulated Ihus the user 


data on their equipment, Here it 1 
check the vendor's data, because 
being application 
conditions (such as branch circuits and termina 
tions) can differ from the conditions under which 
the vendor made his test—resulting in some difter 
ence in interpretation Since the information reported 
is usually the result of testing only one instrument 
it is umportant to ws these data with judgment 

© theoretical based on the 


chemistry of the process 


analysi phi iC and 


© testing the process and the instrument: lesting 
can be simple, direct, and economical. It confirms 
or replaces a mathematical analysi The main pus 
pose of testing 1s to obtain the component transfer 
function as a Bode diagram 

All testing to obtain data for Bode diagrams 
involves applying a known input to a system and 
observing its time respons In general, the choice 
of input depends on the component under test and 
the plant situation, One 


sinusoidal frequency, another a step change 


method uses a variable 

The output of a linear component subjected to a 
sinusoidal input is itself sinusoidal. However, the 
and phase angle depend on the fre 
quency of the input signal. ‘Thus, recording both the 


magnitude 
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FIG 1 Step 
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input and the output over a spectrum of frequencies 
supplies information to plot a Bode diagram. 

Used as an input, a step change simultancously 
applies a whole spectrum of frequencies to the sys 
tem. ‘The response to a step gives the complete Bode 
diagram after one relatively short test. ‘The recorded 
response to a step input determines the form of the 
transfer function that describes the system under 
test and also provides data for graphically evaluating 
the constants, which are then inserted into the 
mathematical form of the transfer function. ‘This 
form then yields the information for the Bode 
plot of the component under test. 


Planning the test 


The initial phase of any control system analysis 
requires an accurate block diagram representation. 
This diagram helps in formulating the problem and 
clearly indicates the system’s pertinent control and 
plant clements. Figure | shows the block diagram 
of a process to be tested and the equipment needed 
to produce a step input and to record the output. 

A test plan is governed by the purpose of the test. 
Necessity for tests arises at any of these three stages: 

1. In the pre-construction stage—here the transfer 
functions must be computed theoretically, since 
there is no equipment to test. Zoss' shows several 
examples of computing transfer functions for tem 
perature and pressure-control systems. 

2. When a process operating manually must be 
brought under automatic control—here the engineer 
balances predicted performance of several proposed 
control systems against initial costs and eventual 
savings that result from reduced product spoilage and 
improved product quality. He combines instrument 
dynamics with measured process transfer functions 
to compute graphically the behavior of each of the 
proposed systems. Buckley? discusses this problem. 

3. When operating processes show unsatisfactory 
automatic control—here, adequate testing (measur 
ing process transfer functions and computing per 
formance) uncovers the proper area for improvement. 
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This procedure immediately pinpoints the weak 
link in the control loop, such as a component with 
a resonant peak or too much phase shift 

The undefined portions of the system become 
immediately apparent from the block diagram. In 
the example of Figure 1 the overall test includes 
three components. Here, the process dynamics are 
unknown and the purpose of the test is to find the 
process transfer function. The valve and the trans 
mitter, included in the test for convenience to 
initiate the step change and to sense the output 
data, influence the overall transfer function. How 
ever, once the transfer function has been obtained 
the (separately-determined ) transfer functions of the 
valve and transmitter are subtracted from the overall 
transfer function, leaving the desired process transfer 
function (viscosity/catalyst) available for analysis. 

The planning of a test includes the following 
four operations. Information in brackets applies 
to the test shown in Figure 1. 

1. Define the input and output variables for a 
specific part of the process. [Catalyst (gpm) and 
viscosity (centipoise)] 

2. Provide a suitable recorder to trace the output 
variable. This instrument should have sufficient time 
base and amplitude resolutions. ‘That is, the recorder 
chart should move at a rate that allows small incre 
ments of time to be easily discriminated, and the 
recorded signal should be large enough to allow 
discernment of small changes in signal amplitude 

Also important: the recorder should not be a limit 
ing factor in obtaining accurate test results. In addi 
tion to adequate static accuracy, the instrument must 
have dynamic performance suited to the process 
so that pen lag does not introduce an error in the 
recorded output. In other words, the recorder time 
constant should be at least 10 times less than the 
process time constant, Also, amplitude saturation of 
the recorder, if any, should occur at a value exceeding 
the maximum amplitude of recorded output 

3. Arrange with the process operators to put 
the process on manual control during each test. ‘This 
arrangement includes observance of all safety pre 
cautions to personnel and plant, and provisions for 
returning the plant to safe control in case an emer 
gency situation arises in the course of the test. Put 
ting the process on manual control means open 
circuiting the loop, usually by completely disconnect 
ing the controller output—not merely turning down 
all settings. [open circuit] 

4+. Arrange to make controlled input changes 
to the process. ‘These must be large enough to give 
a measurable response, but small enough to keep 
the process operators satisfied. [step input of catalyst] 

Choice of input depends on the component under 
test, and thus must be decided on in planning a test. 

The frequency-input method is used primarily 
in laboratory testing of standard components and 
instruments, while the step-input primarily applies 
to tests on the plant proper. Standard instruments 











used repeatedly in the control of processes should be 
tested thoroughly since the data will be used often. 

A “library” of frequency-response plots of stand 
ard instruments and components enhances useful 
ness of test information. Instruments can be selected 
at outlying areas simply by referring to the library, 
thus eliminating need for another test on the same 
piece of equipment. Figure 2 shows a typical plot 
selected from the du Pont library of frequency 
response information. Figure 3 demonstrates the 
layout for obtaining the chart records during a fre 
quency-input test. From these records comes the 
frequency-response, or Bode, plot. 

The step-input method, as shown in Figure 1, 
generally applies to plant tests. Most fluid processes 
are sufficiently specialized not to warrant general 
study. Here, when particular problems arise, mea 
surements must be made in the field, during produc 
tion runs, and under pressure of time and economics 
Although a step response does not provide as accurate 
information as a frequency test does, it can be 
performed in a short time. Compare a step-input 
test that may take one hour with a frequency 
response test on a process with a natural period of 
30 min. Here, running only five different frequencies 
for the Bode diagram requires at least a dozen hours 
of carefully monitored recordings. Generally, condi 
tions will not remain consistent for this length of 
time, even if the operations personnel permitted 


Oooo! OOoI 


0 





such disturbances to their plant. ‘Thus, frequency 
input tends to be unsuitable for process tests 


Selecting test equipment 


.quipment for performing frequency-input tests 
in the laboratory need not be portable. Such test 
equipment includes a sine-wave generator of variable 
frequency, with electrical and pneumatic outputs 
of sufficient power to drive the instrument under 
test. Also necessary are transducers that 
measure the input and output of the instrument, 
a two-channel recorder that plots the data 
received from the outputs of the transducers, Care 
must be taken that the recorder and transducers do 
not limit the tests. ‘Test equipment has been cus 
tom-built and some is commercially available 

Usually step-input tests are performed on proces 
ses in the field. ‘Therefore, the test equipment should 
be portable. Figure 4 shows typical test equipment 
carried from location to location in a small trunk. 
Here, electrical signals (as from thermocouple out 
puts) can be recorded on a photographic oscillograph, 
‘The illustration shows a 14-channel recorder of this 
type appropriately mounted to climinate pen vibra 
tion during tests and to protect the equipment 
during transport 

The thermos ice bath to the left of the 
serves as the cold-junction reference for the thermo 
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tale 1 CONVERTING TRANSIENT DATA TO FREQUENCY RESPONSE 








RESPONSE TO . 


TRANSFER FUNCTION 


}Q)) 


REDUCTION 





transient dies out 


STEADY-STATE 


1. Use amplitude after 


1. Determine magnitude of step in 
put with its dimensions 

2. Determine magnitude of steady 
state response with its dimensions 

3. K== ratio 1.67 deg C/gpm 





Pure exponential 
Starts att 0 


SINGLE CAPACITY 


1. Find time to reach 63.2% of 
steady-state magnitude change 

2. Or find time at which initial slope 
intersects steady-state magnitude 

3. Use both 1 and 2 for check 
4.1 5.3 min 





S-shaped response 
No overshoot 
Starts at t 0 


SECOND-ORDER 
TRUE OR EQUIVALENT 


NONINTERACTING 


Draw tangent at inflection point 
Find t. and t 
See Figure 5 


Yields t, and 1 





1. S-shaped response 


tion 
3. Starts at t 


SECOND-ORDER 
OSCILLATORY 


2. Overshoot and oscilla 


1. Determine peak amplitude of first 
overshoot of input) 
2. See Figure 6 

Yields t and d 





1. Usually associated with 


one of the other lags 
2. Noresponse fromt 
tot a 


DEAD TIME 


0 


3. Solid tine shows dead 
time alone; dashed line 


shows dead time with 


single-capacity lag 


1. Measure value of a directly from 
time scale on record chart 
A 1.7 min 











couples. ‘To the right of the recorder are attenuators 
(ten-turn potentiometers) that scale thermocouple 
signals to give the largest galvanometer deflection in 
the recorder without limiting. The recorder shown, 
designed primarily for aircraft use, operates on 24 vde. 
I'he power packs convert standard line voltages to 
this lower voltage. Vor tests in hazardous areas the 
equipment remains inside the trunk and the trunk 
is purged with an inert gas 

However, step-input tests in the field need not 
require the elaborate setup discussed above. Often 
standard control-room recorders are satisfactory from 
the points of view of signal and time-base resolution. 
And if necessary, time resolution can be improved 
by replacing standard 24-hour chart drives with | 
hour or 15-min drives. Quite frequently these com 
ponents are found in an instrument shop. Miniature 
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pre umatic recorders, too, serve well to record tran 
sient output signals, and can be obtained with 
fast chart drives and two pens. 


Making the tests 


Some tests are investigatory. Here, for instance, 
a number of variables are measured simultaneous} 
to explore the process dynamics and establish correla 
tion between a cause and its effects throughout the 
process. ‘Thus, several recorders may have to be 
connected and calibrated both for pneumatic and 
electrical signals 

Process supervisors usually allow step changes 
of reasonable amplitude on their process. The step 
change consists of a rapid manual adjustment, per 
haps by changing a valve-stem position or a pump 
output. All tests should be made with the process 
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FIG. 5. An S-shaped response that has no overshoot indi- 
cates a second-order system with a damping factor greater 
than unity. ‘The two time constants are extracted from the 
response by drawing a tangent at the inflection point, marking 
off t, and t,, as shown above’, and finding the ratio of t, to 
t,: in this case equal to 0.84. On the graph plot a straight 
line through points (0, 0.84) and (0.84, 0), as shown by the 
dashed lines. ‘The solid line is the general curve for finding 
the ratios of r,/t, and 7,/t.. The complete solution of this 
example is shown in the figure. 


FIG. 6. An S-shaped response with an oscillating overshoot 
indicates a second-order system with damping less than unity. 
From this response must be found a time constant and the 
damping factor. Enter the lower curve at the percent maxi 
mum response of the first overshoot and read down to find 
the damping factor d. At d go to the higher curve and read 
across to the multiplying factor m. In Table 1 for this case 
the observed period equals 5 min. The product of the period 
and the multiplying factor m yields the time constant. In 
this case, r = 0.128 x 5 = 0.638 min. 


as near to operating level as possible, to keep non 
linearities from obscuring results. When wide 
ExCursions are expected under normal operation, tests 
should be made at various levels 

Here are some hints for making tests 
» Change only one variable at a time. In this way 
a change in effect can be related to its cause, which 
might be obscured if two or more variables change 
simultaneously 
>» Make step inputs small compared with the total 
range of the process normally small 
process deviations when operating under closed-loop 
control 
> Make plus and minus step changes at selected oper 
ating points 


This simulates 


Ihe difference in results allows an esti 
mate of process symmetry and affords an average 
response about that point. 

> Conduct tests more than once at each test point 
Compare results and strike an average 


Analyzing the test data 


In testing with a frequency input, the Bode plot 
results from a direct plotting of magnitude ratio and 
phase shift at each frequency. But the recorded data 
obtained from a step input requires graphical reduc 
tion and subsequent conversion to a Bode plot. For 
approximate 
most of the responses that result from the step-nput 
testing of different processes 
bination, they represent the dynamics 
to a suitable degree of engineering accuracy. ‘The 
desired graphical reductions ar lable | 

lhird-and-fourth-order processes appear similar in 
response to second-order That is, they exhibit 


tunately, five basic responses closely 
Individually or in com 


of any process 


hown in 


an S-shaped curve in response to a step input hey 
usually can be approximated as second-order, the time 
lag due to additional increase iW 
sidered as extra dead tim 

Each basic process has associated with it a unique 
transfer function form 
been recognized by the particular form of its response, 
specific data obtained from the record 1s ins¢ rted in 
the transfer function 

lable | correlates the characteristi 


lope being con 


Thus, once the process has 


of each basi 
response, the reduction procedure, and the assoc iated 
transfer function. Figures 5 and 6 aid reduction of 
the two second-order response: 
variations and replotting of the response to an over 


’ 
size scale aid materially in obtaining accurate data 


Averaging of random 


from the records 
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SYNTHESIS 


EVALUATION 


Testing Servomechanisms 


Tests on electromechanical control systems divide naturally into two 
groups. In the first are those that evaluate the performance of the control 
system as a servomechanism. These include tests for static accuracy and 
dynamic response (transient and frequency). In the second group are 
environmental and life tests that evaluate the continuity of control-system 
performance over wide ranges of temperature, vibration, altitude, etc., and 
for long periods of time. These latter tests, however, are not unique to 
control systems; they simply add another dimension that compounds the 
number of times the basic performance tests must be repeated. For this 
reason, this article will deal only with the basic tests in discussing such 
things as: what to test for and why, how to perform test, the effect of non- 
linearities on test results, how to interpret results, and the pitfalls to watch 
out for. Descriptions of test instrumentation are purposefully kept sketchy. 
The author will survey commercially available test equipment in a future 
issue of “Control Engineering”. 


ABRAHAM M. FUCHS, Air Arm Div., Westinghouse Electric Corp. 
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> 1. Testing as a feedback process. 
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Table I-HOW AN ENGINEERING ORGANIZATION BENEFITS FROM TESTING 


CONTROL-SYSTEM DESIGNER 


1. Measures the correctness and completeness of 
his design procedure. 

2. Increases his understanding of control-system 
behavior, especially in the area of unspecified 
but implied performance capabilities. 

. Makes sure that the final product is the least 
complex and cheapest system for adequately 
performing the required job. 

. Provides information to properly tie in the con- 
trol system with its environment. 


PRODUCTION ENGINEER 


1. Insures adequate, but not excessive, tolerance 
structure on each component and subsystem. 

2. Leads to the simplest production tests that will 
insure final product performance. 

. Provides a detailed check on the adequacy of 
the production process. 

. Gives information that permits correlation be- 
tween a fault and its cause at an early stage. 


5. Yields records of component and system per- 
formance that can be presented to customer. 


SALES ENGINEER 


1. Shows customer intermediate records to assure 
him that control system is making adequate 
progress through development and production. 

. Provides information on which to base advertis- 
ing and promotional literature 

. Yields cost information that is useful in bidding 
on similar products. 

. Reveals new applications for the same or similar 
products. 


MANAGEMENT 


1. Feeds back data on the adequacy of a partic- 
ular product line at each stage in its develop- 
ment and production. 

2. Checks on the efficiency of the overall develop- 
ment-production-sales organization. 





Control-system testing is the feedback step that 
compares actual performance (the output) with the 
original design objectives (the input) and determines 
any deficiency (error) that necessitates system modi 
fication or redesign. At each step in control-system 


development—from the breadboard model, to the 
prototype model, and finally to the production item 
-the scope and types of tests change, but the pri 
mary function remains unchanged, Figure |. Test 
ing provides the measure of performance that estab 
lishes the ability of a control system to meet the 
requirements and needs of the final user. In addi 
tion, test data yield benefits to the various segments 
of an engineering organization, including the con 
trol-system designer, production department, sales 
department, and management 
outlined in ‘Table | 

While testing is an important step in bringing a 
new system into being, it must be kept in perspec 
tive. For example, testing does not create a level 
of performance; performance must be designed into 
a unit. ‘Testing only proves that the designed per 
formance level has been achieved 


hese benefits are 


Classes of tests 


There are two broad categories of control-system 
testing: steady-state tests and dynamic-respons¢ 
tests. Steady-state tests evaluate control-system per 
formance when the input, or first or second deriva 
tive of the input, is constant. ‘Thus, for a position 
servomechanism, steady-state tests include perform 
ance evaluation for constant position, constant veloc 
ity, and constant acceleration inputs. Determining 
the effect of very slowly changing loads is also con 
sidered part of steady-state testing 


FIG. 2—Simple position servo referred to in article. 


Dynamic-response tests evaluate the 


transient 
and frequency response of a system In transient 
determined 
in response to step inputs of the input variable, o1 


its first or second derivative hor 


testing, control-system performance i 


1 position servo 
mechanism, step position, step velocity, and step ac 
celeration commands are the transient-test inputs 
valuating control-system response to rapidly chang 
ing loads is also a transient-response test. Frequency 
response testing determines control-system re pons 
to a sinusoidal imput at several 
amplitudes 


frequencn and 


Kach component and subsystem of the overall 
control system also merits extensive testing Son 
mention of the relation between component and 
overall system testing is given in the discussion of 
teady-state tests versus calibration of the feedback 
component, and in the discussion of open-loop 


system frequency response versus component fre 
quency response 

lo give continuity to the article, a simple position 
ervomechanism such as shown in Figure 2 is referred 
to throughout. ‘The steady-state tests are 


in one section, while the variou 


covered 
dynamic tests are 
more logically broken down into transient response 


and frequency-response section 
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STEADY-STATE TESTS 


Steady-state tests are used primarily to determine 
the control-system level in response to a steady-state 
input, Although control systems are not generally 
operated with what might be thought of as a steady 
state input, remember that an input can be con 
sidered constant if it stays at the same level for more 
than five to ten times the inverse of the system 
natural frequency. Steady-state tests evaluate the 
quality of control system response to this type of 
input. In this case, quality means the degree of 
smoothness in following the steady-state input. 


How to perform test 


Input signals are obtained from a function genera 
tor, Figure 3. ‘Three input signals are shown: a 
constant-position input that can be set at any level 
of input signal that the control system can follow, 
a constant-rate input with a slope that can be set 
at any level up to the maximum following rate of 
the control system, and a constant-acceleration input 
whose calibrated acceleration can be set at any level 
up to the limit of control-system response. In addi 
tion to these signals, there is a loading device on the 
output which provides constant loads up to the 
maximum required of the control system. Error 
signal, system input and output, and load level are 
recorded or observed on a meter or oscilloscope 
Signal levels at other points in the system may also 
be monitored, 

The tests are performed by systematically apply 
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FIG. 3. Setup for steady-state testing 


ing steady-state inputs in combination with steady 
state loads, and recording the control-system error 
level corresponding to the various conditions. ‘The 
quality of response can be noted by observing the 
output. ‘Table II shows typical test result 

Note that the steady-state tests as outlined above 
do not attempt to evaluate control-system calibration 
The error signal is observed directly, and errors in 
the feedback device or summing point are not 
measured. ‘This leaves the calibration process and 
its evaluation as separate tests independent of con 
trol-system behavior. Without this separation, it 
is difficult to determine the source of error. Con 
trol-system performance improvement cannot com 
pensate for inadequate linearity of the feedback 
element, and vice versa 


Effect of nonlinearities on test results 


y attect the 
The most important of 


Certain nonlinearities can seriously 
steady-state test results 
these are: variation in loop gain with error ampli 
tude; threshold level; discontinuous feedback or in 
put; and backlash, dead space, etc. 

As required output power increases, for exampl 
with high velocities and high load forces, the open 
loop gain decreases. ‘This manifests itself in in 
creased crror level to support d given mcrement mn 
output (or reduced position, velocity, or acceleration 
constants—see following section on interpreting test 


results lor this reason it is essential to measur 
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the error over a complete range of steady-state in 
puts, rather than extrapolating results obtained at 
less than full output. It does not necessarily follow 
that the error at maximum rated input velocity will 
be twice that at half the maximum rated velocity 

In general, a control-system has a minimum error 
signal level that must be exceeded before output 
motion will occur. This is usually caused by friction 
in the output member At low levels of steady 
state input, the error level seems large compared to 
the input (position, velocity, and acceleration con 
stants seem low) because the error to overcome the 
threshold is a large part of the total error 

When a wire-wound potentiometer is used as a 
feedback or command element, the step changes in 
voltage as the wiper moves from one wire to the 
next affect the results of steady-state tests. Again 
the error level may be obscured by the potentiometer 
step-voltage response at low input levels At slow 
input rates, output motion may not be smooth 
because it follows the steps of the input. At high 
rates, the error might be more erratic if the wipe! 
arm jumps Over one or more wires 

Other nonlinearities, such as backlash, dead space 
etc., may also cause an erratic error signal under a 
steady state input 


lurthermore, if possible for 
thes« 


nonlinearities to cause svstem instability at 
high-output-motion levels even though the system 
is stable at standstill 


How to interpret test results 


One method of interpreting the results of steads 
state tests is to plot curves of error level versus input 
level for different load values 
whether the 


lhese show clearls 
performance requirements have been 


met. Another way to express the results is in terms 


TRANSIENT-RESPONSE TESTS 


‘Transient-response testing consists of studying the 
time history of the control-system amplitude response 
to step inputs, Figure 4. ‘The response is character 
ized by a maximum overshoot A, and a settling tim 
of B sec (see p. 128). Note that the transient re 
sponse can have zero overshoot as shown by curve 
C, and that the settling time depends on the limits 
set for satistactors input-output correspondence 

First and foremost, transient-re sponse testing give 
a measure of the stability of the control system. Here, 
and in mast of the article, stability is considered in 
its broadest sense. Not only does it mean no con 
tinuous or increasing amplitude oscillations, but it 
also emphasizes that the system is adequately damped 
to complete the response to a step input within the 
required number and relative size of overshoots 

These tests also evaluate the speed of response 
of the control system. ‘This is measured in terms 
of the settling time to step inputs, as well as the 
natural frequency of the system 


A third purpose of transient testing is to deter 


ot position, velocity and acceleration onstants 


l'hese are defined as 


position input 


K, 


posit ai 


error level 


velocity input 


K, 


velo« y constant 
error level 


eeceleration input 
K I celcration’const 
. error level 


Most servomechanisms have an essentially usfinite 


position constant, a finite velocity constant, and an 


acceleration constant of zero (that is, the error level 
increases as the acceleration persists By comput 
ing the appropriate constants (usually position and 
velocity) control-system performance can be com 
pared with specifications. Care must be taken not 
to misinterpret the results at low input | els because 
of the nonlinearities discussed above 

When the results show an error level that exceeds 


spec ifications, the loop gain must be increased 
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Frequently a control system does not exhibit zero 


error at zero input his usually is because bias 
signals have been introduced at some pomt im th 
balances out the 


from affecting the 


error amplifier The error signal 
bias. ‘lo prevent these bias erro 

teady-stat 
amplifier should be carefully balan 


measurement of performance, the error 
ed prior to testing 
Bias eftect in also be canceled by averaging the 
results of plus and minus mput 

In ac servos, care must be taken to measure onl 
the im phase crror component If the quacrature 
component is included in the measurement, it will 


make the error ippeat larger than it really i 


mine the system closed-loop transfer function bhi 
may be limited to determining the natural frequene 
and damping ratio of the equi lent quadratic 1 
sponse, or may consist of finding the complete closed 
loop transfer function 


Finally 


tem response to rapidly fluctuating load 


transient testing can be used to evaluate 


How to perform test 


This time, step inputs that are equivalent to the 
controlled variable, or to one of its derivative i 
developed in a function generator and applied to 
the control system, as shown in Figure bor the 
position servomechanism of Figur the mput j 


a step position, step velocity, or step a leration 
as shown by the curves in Figure 

Usually the transient response is taken with the 
output stationary at the start of the test, although it 
can be performed from any steady-state condition 
such as the output moving at a 
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FIG, 4. Transient response of posi- 
tion servo to a step-position input. 


sponse, and error signal are recorded or displayed on 
an oscilloscope for each test. Other points in the 
system can also be monitored. The tests are pet 
formed systematically over a wide range of step-input 
amplitudes, from very small values to an amplitude 
equal to maximum system requirements, and then 
are repeated for various static load conditions. When 
the effect of rapid load fluctuations is to be evaluated, 
a device must be used that can load the system in a 
step fashion, ‘The transient-load testing then pro 
ceeds in the same systematic way as for step inputs. 


Effect of nonlinearities on test results 


Any of the nonlinearities (such as threshold level 
or dead space) that affect the low-amplitude response 
of the control system will seriously distort the 
transient response to small-amplitude step inputs 
Iixcept as the step response is used to evaluate the 
dead space in the control system, conclusions drawn 
from transient-response data should not be based on 
tests where the dead space is a significant part of the 
total response. ‘This also applies if backlash is present, 
or if discontinuous feedback devices are used. In 
addition, however, small-amplitude step inputs may 
excite small-amplitude oscillations, This possibility 
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FIG. 5, Setup for transient-response testing. 
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should be fully explored if small-amplitude oscilla 
tions are undesirable. 

As the step inputs are made larger, they reach a 
level where the instantaneous error signal at the 
time of application saturates the error amplifier. In 
high-performance servomechanisms, this occurs at 
relatively small values of the step input. Limiting (or 
saturation) therefore plays an important role in the 
transient testing of control systems. 

In the position servomechanism of Figure 2 (and 
in an equivalent manner in all control systems ) 
are three types of saturation. First, the system can 
be position-limited. This occurs when the input 
command calls for a larger output displacement than 
the system is capable of. While it is obvious that 
the step position inputs should not exceed the 
system's capabilities, some care must be taken in 
applying step velocity and step acceleration inputs 
to insure that they are terminated before the posi 
tion servomechanism strikes a limit stop. ‘This poses 
a severe problem when the control system must be 
tested at high velocity and acceleration levels, but 
is seriously limited in position (a plotting table is 
an excellent example; see Reference | ) 

In addition, a system can be velocity-limited and 
acceleration-limited. Since these two are often 
related, they will be discussed together. Accelera 
tion limiting results from the finite torque capabili 
ties of the output actuator acting on its own and the 
load inertia. Generally, the torque capability is 
reduced as actuator speed increases (as in a two 
phase induction motor; see Reference 2), and ther¢ 
fore the acceleration limit decreases with increasing 
speed. Almost all actuators are 
K'xamples are when synchronous speed is approached 
in a two-phase induction motor, or when the flow 
rate saturates in a hydraulic motor 

Thus, as the size of the step input is increased, 
control-system response approaches saturated velocity 
through saturated acceleration. ‘Then the output 
continues moving at its maximum speed until it is 
near enough to the desired input to again be within 
the linear region of the error amplifier, Figure 6 
Note that saturated accelerations and velocities can 
again occur during the overshoot. 

Numerous instances of control-system malfunction 
(such as large-amplitude oscillations or highly unde: 
damped response with excessive overshoots) occur 
when a system is not properly designed to accept 
large-amplitude step inputs. Even though most 
systems never experience large step-position inputs 
except when turned on with a very large error pres 
ent, or positioned to begin an operation, the response 
to maximum-amplitude step inputs should still be 
carefully evaluated to prevent disastrous malfunctions 
in these isolated instances. 


there 


speed-limited 


How to interpret test results 


Maximum overshoot and settling time can be read 
from the transient-response recording as shown in 








Figure 4. Sometimes settling time can be read more 
accurately from a recording of error signal versus time 
because of better scale factors 
The closed-loop transfer function can be exactly 
determined from the transient response by procedures 
described in References 10, 11, and 13. However, as 
a first approximation, most contro] systems can be 
assumed to have a quadratic response of the form 
c 1 


R g? / wr? +25 8/on + 1 


(4 


where (¢ output position (controlled variable 
R input 
Laplace transform operator 
= damping ratio (see p. 127) 
Wy natural frequency, rad /sec 


lo determine the natural frequency, measure the 
time, t,, between adjacent crossings of the required 
input position by the output-response curve Then 


Tr 


t 


he damping factor can be determined by comparing 
the relative amplitude of the peaks of the transient 
This comparison can be made between 
two adjacent positive peaks, or between adjacent posi 
tive and negative peaks 
the damping ratio 

When the transient-response tests give results that 
do not meet requirements, a careful examination 1s 
necessary to determine the proper corrective action 
For example, if the transient response in the linear 
region is satisfactory while the large step response 
is not, then the nonlinearity causing the malfunction 
must be located and its effect remedied (see page 
78 of Reference 1). On the other hand, if the 
natural frequency is too low, then the original 
analysis must be checked and more complete testing 
of the frequency-response type done to find out how 
to achieve the desired bandwidth with satisfactory 
damping. 


TC Sponse 


Use Figure 7 to determine 
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Serious misinformation can be obtained from the 
transient-response tests if the recorder does not have 
an adequate response. ‘There are two possible 
deficiencies. First, the recorder bandwidth may not 
be adequate to follow the high-frequency components 
of the control-system response. A good criterion is 
that the recorder must have five times the bandwidth 
of the system under test. Second, it may not b« 
able to reproduce the velocity and acceleration of the 
output (to the equivalent scale) without saturating 

Since transient-response testing evaluates system 
stability, it is important to carefully reproduce the 
final mounting characteristics of the system. ‘I'wo 
examples will show the possible types of errors from 
this source. The first concerns an electrohydraulic 
servo system intended for shipboard service, which 
worked very well in the laboratory. The test mount 
ing was very springy, and when combined with vibra 
tion from a hydraulic pump provided the dither that 
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FIG. 6. Saturated acceleration and velocity 
transient response to a step-position input. 


kept the control system satisfactorily 
When mounted on the ship's keel and supplied from 
a smooth hydraulic 


response deteriorated 


operating 
source, however, its transient 
Artificial dither had to be 
provided to give the desired performance in the 
customers mounting 

lhe other Case involves an ek ctromec han al SVS 
tem which performed satisfactorily on the stiff labora 
tory mounting but oscillated violently on the cus 
tomer’s mounting because compliance provided addi 
tional feedback paths. ‘The feedback clement was 
relocated and the mounting stiffened 

In both instances, more careful simulation of the 
mounting characteristics would have prevented 
embarrassment and added cost 

Power supply limitations are another cause of poor 
system performance. Whether the power medium 
be electrical, pneumatic, or hydraulic, the customer's 
power supply should be carefull Often 
power-supply destructive 


imulated 


limitations can produce 


large-amplitude oscillations of the most serious type. 
In addition, where several contro] 
plied from the same source 
simulation will show the extent of the interaction 
between systems 


systems are sup 
iccurate power-supply 
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FIG, 7. Curves for determining damping ratio from the ratio of 
two successive peaks (negative-to-positive or positive-to-positive). 
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FREQUENCY-RESPONSE TESTS 


lrequency-response testing evaluates the amplitude 
and phase response of a control system to a sinusoidal 
mput over a range of frequencies. The input fre 
quency must be held constant during the measure 
ment of amplitude and phase, and for a long enough 
period prior to measurement for all system transients 
to have died out. ‘The response of the system is 
assumed linear enough to give an output frequency 
equal to the input frequency. 


How to perform test 


As shown in Figure 8, a low-frequency oscillator 
is used to generate the fixed-amplitude, constant 
frequency input sinusoid for each test point. System 
output is recorded or visually monitored on an 
oscilloscope during each test. The output motion is 
converted into a relative amplitude and phase with 
respect to the input. Relative amplitude can be 
measured on a calibrated recorder, calibrated oscil 
loscope, or direct-reading meter. Phase angle can 
be determined by a Lissajous pattern on an oscil 


FIG. 8. Setup for frequency-response testing. 


loscope, by comparison with a calibrated source, or 
by direct measurement on a phase meter. ‘The fre 
quency response of other points in the system can 
also be determined if necessary. This procedure is 
carried out systematically over a broad range of fre 
quencies, from a small fraction of the natural fre 
quency to many times the natural frequency. To 
evaluate the effect of nonlinearities and loading, 
the frequency-response test is usually repeated over 
a wide range of input amplitudes and for the required 
range of output loading. 

In addition to being tabulated, the results are 
often plotted as separate curves of amplitude and 
phase versus frequency, Figure 9. 


Effect of nonlinearities on test results 


At input amplitudes small enough to be com 
parable to the system small-amplitude nonlinearities 
(dead space, backlash, threshold level, and discon 
tinuous feedback ), the frequency response is serious}; 
distorted. Great care must be taken in interpreting 
the results, especially the phase response. 

Where the small-amplitude response is important 
(tor example, when the system under test is an 
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inner loop of a larger and more complex control 
system) the phase can be determined by using 
Fourier analysis techniques on the nonlinear wave 
form. Then (as in the describing-function method 
the phase and amplitude of the nonlinear-response 
fundamental describe the frequency response 
Careful observation of the output will indicate 
whether the sinusoidal input excites oscillations 
While these oscillations are often of small amplitude 
and high frequency and occur only at certain output 
levels, they can be undesirable in many applications 
In most control systems, the gain decreases at high 
error levels. This corresponds to larger input ampli 
tudes. ‘Thus frequency response varies with increas 
ing input amplitude, before saturation is reached 
As previously discussed, a control system saturate 
For the position system, limiting occurs in position, 
velocity, and acceleration. Similar effect 
all control systems. For a_ sinusoidal 


occur im 
input to 


a position servo of R(t) P sin wt iP 
the input velocity is Rj Pw cos wl 7 
and the acceleration is R(t) Po? sin 8 
Then the maximum commanded position, vclocity 
and acceleration are respectively 
R(t) P 9 
Rit) Pw 10 
R(t) Put i 


Thus, at higher frequencies a constantinput posi 
tion amplitude requires increasing velocity and 
acceleration capabilities on the part of the ontrol 
system (unless response is already attenuated because 
closed-loop frequency response is falling off 


System frequency response should be investigated 


in the saturated region caused by high-amplitude 
inputs. When a good design is achieved, the fre 


quency response will vary as shown in Figure 10A 
as the input level increases. A poorer system 
ing in the saturated region will have it 
altered as in Figure 10B (see References | and 6 

An unsaturated response is necessary if the actual 
control-system frequency response is to be compared 
with the theoretical values, ‘This may pose a problem 
at higher frequencies where there is little difference 
between saturation and threshold levels 


erat 


OnSC 


How to interpret test results 


l'requency-response test results can be interpreted 
in several ways. Control-system performance 
requirements can be stated in terms of M,, itural 
frequency, resonant frequency, crossover frequency, 
phase margin and gain margin. Each of thes« 
can be obtained from frequency-response _ test 
results (see p. 126 for definitions, comments, and 
means of evaluating these specifications). For exam 
ple, for the test data plotted in Figure 9, the M 
is 2.27 db, the natural frequency is | cps, the resonant 
frequency is 0.82 cps, and the crossover frequency 


1S l 2 cps. 


rems 











lhe phase margin can be obtained directly from 
the open-loop frequency response of the system, and, 
by using the Bode diagram in reverse, from the closed 
loop frequency response data. The data from the 
Bode diagram are entered on the closed-loop response 
KG/(14+KG) amplitude and phase coordinates, and 
the open-loop response is read from the rectangular 
coordinates. Thus, the closed-loop frequency 
response data from Figure 9 are entered on Figure 11, 
and the phase margin of 45 deg is read directly from 
the rectangular open-loop response coordinates 

I'he gain margin can be computed directly from 
the open-loop frequency response, or, as with phas¢ 
margin, it can be obtained from the closed-loop 
response by the same reverse-plotting technique 
Thus, from the plot of the data of Figure 9 on Figure 
11, the gain margin can be read as 21.3 db 

In addition to providing the data to calculate these 
quantities, the frequency response itself is important 
It provides the measure of the system transfer func 
tion on which is based the design of compensating 
networks used to bring control-system performance 
in line with requirements. This subject is too com 
plex for coverage here. See References 3, 4, and 5 
for a more detailed treatment of compensation design 
by frequency-response methods. 
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The comments on mounting and power-supply 
simulation in the section on transient testing apply 
to frequency-response testing as well 

In addition to the frequency response in the region 
about the resonant frequency, two other frequency 
ranges should be carefully checked. The frequency 
response taken at low frequencies (less than ¢ the 
resonant frequency ) will show whether the loop gain 
expected at these low frequencies is actually present 
This is particularly important when there is an inte 
gration in the open-loop transfer function, for at some 
low frequency the integration stops. ‘This charac 
terizes steady-state control-system performance 

In addition, the tests should be extended into the 
range of two to three times the resonant frequency 
to make sure that additional resonances do not exist 

It is important in ac servos that quadrature signals 
do not give false transfer-function readings 

When taking the frequency response of an open 
loop system, an integration in the transfer function 
gives an output position that is the integral of the 
input. Any unbalance in the system or in the input 
signal moves the output from its neutral position 
his drift is difficult to reduce to acceptable levels 
‘here are two ways around this difficulty. The tests 
can be taken with a position loop closed around the 
system and the results later translated to the open 
loop case, or a rate sensitive device can be added to 
the control-system output. In the latter case, the 
rate-device output (which is not seriously affected 
by control-system drift) can be readily translated back 
to control system output. 
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FIG. 9. Typical Bode diagram 
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FIG. 10. Variation in frequency response tests results when 
operating in the saturated region (acceleration and velocity-limited). 
For a well-designed system, the effect of varying the amplitude 
of the sinusoidal input is shown in A. As the saturation level is 
reached at lower frequencies, the peak decreases. B shows the 
response of a less desirable system The peaks increase as the 
increased amplitude causes the saturation level to be reached at 
lower frequencies. 
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FIG. 11. Open-loop characteristics (phase margin and gain 
margin) obtained by plotting closed-loop response from Bode 
diagram. Closed-loop response is plotted on special amplitude 
and phase coordinates, while open-loop phase and gain are 
read from rectangular coordinates 
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SPECIAL CONTROL-SYSTEM TESTS 


In addition to the conventional tests described 
above, two significant new control-system tests have 
recently been devised. Reference 7 describes a new 
self-oscillation procedure for obtaining frequency 
response. Figure 12 shows the basic test setup. An 
additional loop closed around the control system 
under test introduces a calibrated (and variable) 
amount of phase shift and gain. It also contains 
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FIG, 12. Frequency-response testing by self-oscillation. 
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VIG, 13. Setup for random input test. 





an amplitude limiter. By noting the oscillation 
frequency of the overall test setup versus the cali- 
brated phase lag (control-system phase lag is 180 
deg minus calibrated phase) and gain, a frequency- 
response point is obtained. Changing the phase lag 
alters the oscillation frequency. Changing the limit- 
ing alters the amplitude and to some extent the 
oscillation frequency. The net result of systemati 
cally executing this procedure is a complete set of 
frequency-response curves at several amplitudes. 
Note that a calibrated function 
required for this test. 

Reference 9 describes a method for evaluating con 
trol-system response to a random input. ‘lhe basic 
test arrangement as developed by Mathews, Booton, 
and Seifert is shown in Figure 13. ‘The test input 
is obtained from a calibrated noise generator, and 
has a well-defined distribution (Gaussian in their 
tests). The bandwidth selected approximates the 
range of input signals that the control system will 
experience in actual use. The rms amplitude of the 
input is set at different levels for each test point. 

Rms values of the error signal and output are 
measured and then compared with those expected 
of the system from the systems-analysis and per 
formance specifications. 

While this test procedure is relatively new, it has 
shown that it can optimize a very high-performance 
control system in instances where the ordinary test 
procedures yield false conclusions. It can also 
determine the optimum bandwidth under limiting 
conditions, while other test procedures often lead 
to the conclusion that more bandwidth will yield 
higher performance. As this test becomes more 
widely known, it is sure to find greater application, 
particularly in the field of high-performance servo 
mechanisms. 
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12, ACCURATE OSCILLOSCOPE PHASE SHIFT MEASURE 
MENTS, Harold D. Webb, “Electronic Design”, Jan. 15, 
1956, pp. 34-35 

13.GET FREQUENCY RESPONSE FROM TRANSIENT RE 
SPONSE—By Adding Vectors, A. R. Teasdale Jr., p. 55; By 
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New Power Supplies 
































a asd Save Panel Space! 
extra lengt' 
mdustrial a 
‘dest tated ob BB hs aan Provision for ; . / 
ale ete toe) ee tube wee pon! Gn AS ae New / HERMETICALLY -SEALED 
anchors Provisi tor 
° ‘~ Nylon jacketed eeergh TRANSFORMERS 
% vinyl wire — — Heevy duty / 
\ wane filament output 
aw radiate New / TRANSIENT-FREE 
steners for easy Heovy duty borer type 
“— terrmnal board lecated for 
. S mins Sard one New /FUSE FAILURE INDICATORS 
~ Stable, low none 
a . is, ow New/ GERMANIUM RECTIFIERS IN 
very connection onc networks and multplers 
epeted and droded 400 AND 800 MA SERIES 
Horness wiring 
Service esses — a Coal These new, compact, regulated 
from rock transtormers ond Lambda D.C. power supplies are 
ele ieee ists precision engineered, designed to 
Se - Excellent regulation displace minimum panel space. 
att oe Wiring and tubes are easily acces- 
a al low ripple sible for maintenance and replace- 
hermetically 4 ment. Hermetically-sealed transfor- 
sealed copacitors 
= ge mers and chokes, protected from 
Reted for operation — moisture, assure long trouble-free 
or oe ae service. Meters optional. 
very specication 
lab checked 
. before shipment Germanium rectifiers in 400 and 
[mene — only 5%" pone 800 MA series for higher effi- 
| series; 7 im BOO series j Pe 1 paomcngel ciency, compact design, longer life. 
M models 
Germanium Rectifiers 
in 400 and 800 series ® =: full load over 
Advanced packaging entire voltage range 
for optimum thermal 
Rated for 24-hour Sturdy gripping ond mechanical design 11884 orotection with 
continvous handles built in blown fuse 
duty inchcators 
200 AND 400 SERIES ONLY 5'/,” HIGH 
800 MA SERIES 400 MA SERIES 200 MA SERIES 
MODEL 881 125-325 VDC $315.00° MODEL 481 125-325 VOC $244.50° MODEL 281 125-325 VOC $149.50* 
MODEL 882 325-525 VOC $360.00° MODEL 482 325-525 VOC $259.50° MODEL 282 325-525 VOC $159.50° 
INTERNAL 
IMPEDANCE less than 1.5 ohms less than 3 ohms less than 6 ohms 
AC OUTPUT 
6.5 VAC 20 amp. 15 amp. 10 amp. 
(unregulated) 
SIZE 7”°Hx19"Wx1444"D 5 %4"Hx19"Wx14%"D 5%4”"Hx19"Wx14%"D 
WEIGHT (net) 75 lbs. 53 lbs. 53 lbs. 
REGULATION: 
(line) ...Better than 0.15% or 0.3 Volt (whichever is greater). For 105-125 VAC. 
(load). ..Better than 0.25% or 0.5 Volt (whichever is greater). For 0 to full load. 
TRANSIENT RESPONSE: 
(line) ...Output voltage is constant within regulation specifications for step-function line voltage change of 
plus (+) 10 volts or minus (—) 10 volts rms within the limits of 105-125 VAC. 
(load). ..Output voltage is constant within regulation specifications for step-function load change between 
0 to full load or full load to 0 MA. 
OVERLOAD PROTECTION: 
External ... AC and DC fuses, front panel, with built-in fuse-blown indicator. 
" Internal . . . Fuse, rear of chassis. 


*Metered models identified by letter ““M add $30 to base price 
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Lower weight on mobile equipment with smaller size 





lines, smaller controls. 





Less spaco to pack more power with smaller size cylinders 
and vaives on hydraulic machines. 
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DENISON 


Exclusive balanced vane 
cuts wear, increases volu- 
metric efficiency, reduces 
pulsations, 
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with 2000 psi vane pumps 
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Lower cost for test stands which require pressures up to 
2000 psi. 





Higher torque, higher horsepower per GPM — continu- 
ously on drilling equipment. 


Vane-Type DENISON hydraulic, 


single stage pump/motor 
INDUSTRY'S STANDARD FOR CONTINUOUS 2000 PSI SERVICE 


Many types of hydraulic circuits are made simpler with 
the 2000 psi system using the Denison vane pump. Less 
space is needed, weight of pumps and controls is lower. 
Line loss inefficiency is greatly reduced because of the 
lower volumes required with a 2000 psi circuit. 

As a pump, this Denison unit has high volume output at 
2000 psi continuous delivery. As a motor, it delivers a 
high stalled torque . . . up to 257 inch-pounds per 1000 psi. 

Write for Bulletin P-5-A for complete specifications on 
4 sizes available for delivery up to 77 gpm as a pump and 
1 to 103 hp as a motor, 


DENISON ENGINEERING DIVISION 
American Brake Shoe Co 
1160 Dublin Road Columbus 16, Ohio 
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IDEAS AT WORK 


With each edition, Conrrot ENGINEERING serves up, as 
palatably as possible, much food for the insatiable minds of the 
systems engineers. But broadening and updating with informa 
tion about new techniques and new produc ts presume a previous, 
more basic knowledge of the field. A part of our editorial effort 
the Digital 


main burden of education, 


1S expended in recognition of this basic need, c.g 
Ihe 


however, is still borne by our colleges and universities 


Series and this entire issuc 
Last 
vear CONTROL ENGINEERING was co-sponsor of an exhibit of the 
works of several of our schools at the Production Engineering 
Show in Chicago (Ideas at Work, September 1955 

we are sponsoring exhibits from eight Eastern colleges 


his year 
that are 
doing exe mplary work in instrumentation and automatic control 
\nnual Instru 
New York Coli 
formal curriculum 


will be 


at a Conterence 


l'hese exhibits will be on view at the Eleventh 
nent-Automation Conference & Exhibit in the 
17-2] 


ourses concerned with the area of control enginecring 


scum, Sept Ihe exhibits, as well as 


discussed by educators from each of the college 
1S. ‘Vhe 


representative of noncommercially-sponsored projects carried on 


panel session in the a.m. of sept fifteen exhibits are 


in the laboratories of the schools present. Five of these projects 
hic 


trol engineering is evidenced by the diversity of projects that 


are detailed in the following seven pages breadth of con 


will be exhibited 


PRINCETON 
Verv-High Nonlin Compe ting Cont tion for Third4rde 
Saturating Servomechanism 
Photo Exhibit of Automatic P 1 the Chemical 
held 
YALI 
| Xx pcrinn ntal Monorail Car 
| quipote ntial kield Plotte: 
ig Scale rUFTS 
r Functions lectronic Measurement and Control of Genera 
Anesthesia 
electronic Stram Gage for Meas: iw Ot bores 
CORNELL 
Testing Machine for the ] xpernn | In tigation of 
Dynamically-Loaded Journal Be 
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PRESTON R. CLEMENT 


Nonlinear Compensation for Saturating Servos 


Saturating servos show their best response when they are saturated most of the time 
Third-order systems can be made to “switch” from one saturation level to the other 
by a simple nonlinear feedback network—thus approaching optimum response 


A servomechanism whose small-sig 
nal performance is linear and whose 
nonlinearity results principally from 
finite saturation levels is called a 
saturating servomechanism. It is in- 
tuitively clear that such a system will 
respond fastest when it is operating at 
its saturation level most of the time. 
While linear compensating networks 
distinctly improve the performance of 
a system in the region of zero error 
where the system is linear, such net- 
works will not operate properly on 
large signals, where parts of the sys 
tem are saturated. 

The following definition can be 
used as the criterion for an actual sys 
tem: “A given physical feedback con 
trol system is operating in the opti 
mum way when it performs all re- 
quested operations at saturation levels, 
switching between these levels at such 
times that the error and its derivatives 
will be brought to zero in a minimum 
time.” Then, if the parameters of the 
system and the forms of input signals 
are known, switching control by a 
sufficiently complex computer can 
provide optimum performance. It is 
possible, however, to bring a third- 
order system to near optimum per 
formance by adding only a simple 
nonlinear compensating network. 

Vigure | shows the block diagram 
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of a de positioning system. Its sig 
nificant feature is the nonlinear posi- 
tive-rate-feedback channel. ‘The input 
output characteristic of the nonlinear 
resistor network is shown in Figure 2 

Since the linear compensating net 
works perform satisfactorily in the re 
gion where the error and its deriva 
tives are small, the nonlinear network 
should have little or no effect in this 
region. Thus, if the output of the net- 
work is expressed as k\@,|", and takes 


the sign of ,, n must be greater than 
unity, for in that case the derivative 
of the function is zero at zero velocity. 
This corresponds to zero error rate for 
step-input signals 

To ease the mathematical analvsis, 
a square-law characteristic was chosen. 
‘Two thyrite resistors were picked from 
stock, and the linear resistors were 
trimmed to give the desired input-out 
put relationship. Experiment proved 
that the value of n was not critical; 
i.e., the performance of the servo 
mechanism was about the same if n 
was 3 or 4, providing the values 
of the RC elements in the filter fol 
lowing the nonlinear network were 
changed accordingly. 


System operation 
Assume that a step signal is ap 
plied to the input, Unless it is small in 
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Positioning servomechanism with linear and nonlinear compensation 


amplitude, the system gain is suff 
cient to saturate the amplifier, which, 
after a short delay, also saturates the 
generator field. ‘Therefore the motor 
begins to correct its position, building 
up to some definite maximum velox 
ity. During this build-up, the presence 
of the positive rate signal is ineffec 
tive, because the generator is already 
saturated. As 6, approaches its desired 
position, the error signal decreases and 
the system begins to come out of sat 
uration. As the system tends to slow 
down, a negative signal appears on the 
output of the phase inverter, due to a 
series capacitor which produces an 
output somewhat like a @, signal. ‘This, 
in turn decreases the signal to the 
field. The effect is regenerative and 
causes a rapid transition through the 
linear region to saturation in the op 
posite sense, approaching a switching 
action. When the error and its deriv 
atives are small, the positive rate feed 
back is no longer effective 


Experimental results 

The motor used for demonstration 
is a Dieh] 0.6-hp, 80-volt, 4,000-rpm 
de machine driven by a Diehl 0.75 
kw generator. ‘The system’s behavior 
and the improvement in its pe:form 
ance due to the nonlinear compensa 
tion may be seen from Figure 3 and 
Vigure 4. 

Figure 3 shows how the percent 
overshoot varies with the amplitude 
of an input step. For large step inputs, 
the effect of the nonlinear positive 
rate feedback is to cause the percent 
overshoot to fall off Tyiuic h more rap 
idly than it would if due to the pres 
ence of saturation alone. Th 
thus approaches a theoretical opti 
mum of zero overshoot 

Figure 4 shows the variation of rise 
time (the time for the output to go 
from 10 percent to 90 percent of its 
final value following the application 
of a step input) vs. the amplitude of 
the step input. With only the linear 
compensating networks, the rise time 
increases as the step input increases, 


curve 











O= output 
Lineor network 
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_— Nonlinear 
network 
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FIG. 2. Input-output charac 
teristics of nonlinear networks 


because the system is velocity-limited 
An ideal computer would have the 
motor at saturation velocity nearly all 
the time, so that ideally the curve 
would increase linearly with the step 
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amplitude except at very low values 
where the effect of the inertia of the 
load becomes appreciable. With the 
nonlinear compensation, this opti 
mum curve is approached as shown 
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ALAN G. SLOCOMBI 


An Electronic Servoanesthetizer 


TUFTS COLLEGI 


in the figure. ‘The 
ment in both figures is a result of a 
simple approximation to the optimum 
third-order 


marked improve 


switching controller for 


systems 





Complex decisions involved in the administration of general anesthesia have been traditionall, 
reserved for the skills of highly-trained specialists. But direct measurement of the effect of anes 
thetics on brain activity may offer simpler yet safer techniques that could open this field to lower 
echelon hospital-workers. The system described here has been proved on humans 


I'he nature and control of anesthesia 
have been a challenge to the medical 
profession since the discovery of gen 
eral anesthetics in the middle of the 
last century. Understanding of the phe- 
nomenon of general anesthesia has 
been fragmentary, and only recently 
has there been much evidence as to 
what parts of the brain are implicated. 
In the operating room the control of 
depth of anesthesia has depended on 
the evaluation of its secondary effects 
on respiratory rate and pattern, heart 
rate, reflexes, and eye movements. In 
the hands of a good anesthetist these 
“clinical signs” provide an accurate 
measure of anesthetic depth, but they 
are indirect, and subject to other con 
ditions such as diseases of the heart, 
lung, and liver. ‘There have been until 
recently no direct measurements of the 
effect of anesthetics on the brain 

Consciousness and pain perception 
are two very important aspects of gen 
eral anesthesia, and these are appar 
ently functions of the brain. It is of 
great significance, therefore, that tech- 


niques have been developed for meas 
uring, by means of the clectroen 
cephalograph (EEG), the effects of 
anesthesia directly on brain function as 
neural activity. Dr. G. Bickford of the 
Mayo Clinic made use of this relation 
between brain waves and anesthesia in 
the development of a servoanesthetizer 
to regulate automatically the depth of 
anesthesia. The original system has 


been modihed to continuously indicate 


de pth of anesthesia 


System operation 


The system is diagrammed in Vigure 
2. The amplified brain signal is in 
tegrated in a circuit of adjustable time 
constant, ‘The 
portional to the energy 


integrated signal 1 pro 
output of the 


brain. Figure hows a fall in thi 





FIG. 1 
activity 


Anesthetic is automatically injected into rat's tail by servo that monitors brain 
Chart at upper right is shown in Figure 
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rhis system measure 


consciousness by the electrical activity of 


the brain, advances hypodermic plunger to control depth of anesthesia 
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FIG. 3. Inhibition of spontaneous electrical 
activity in the brain of a rat following injection 
of pentothal, Brain wave (below) and its in 
tegral (above 


value immediately following the injec 
tion of pentothal into a rat. The be 
ginning of recovery from the anesthetic 
is shown by the gradual rise of the 
energy output at the end of the record 

In the next part of the system, the 
energy output value is converted into 
pulses to drive a stepping relay. The 
stepping relay advances the plunger 
of a hypodermic syringe containing the 
anesthetic, thus injecting it into the 
animal. ‘The brain-wave activity con 
trols the rate of injection of the 
anesthetic. Initially, the anesthetic is 
injected rapidly, reducing the KEG 
until it reaches equilibrium at a point 
determined by the trigger level of the 
univibrator, ‘Thereafter the anesthetic 
is injected only as fast as destruction 
by the liver removes it from the ani 
mal’s circulation. If the level of anes 


thesia tends for any reason to get 
deeper, the injector stops until the 
equilibrium level of activity is reached 
If, on the other hand, the ani 
mal starts to come out of anesthesia, 
the increase in EEG activity speeds up 
the rate of injection until it has 
reached the preset equilibrium level 

Since the system responds only to 
the anesthetic which reaches the brain, 
it will even compensate for a leak in 
the anesthetic syringe—the injector 
simply speeding up to reach equi 
librium. If additional 
injected by another route, the spon 
tancous activity responding to the total 
amount of anesthetic in the system 
drops below the equilibrium level. and 
the injector stops until the excess an 
esthetic is used up 

The time constant of the integrator 
is important only as it affects the case 
of interpretation of the energy output 
value. If it is too short, large second 
to-second variations 
curve, and if it is too long, the delay 
in the system obscures the changes of 
the anesthetic state In the servo 


Oo 
igain. 


igain 


inesthetic i 


cause a rough 


mechanism, time constant 1s very im 
portant, since, if the time constant of 
the integrator-injector part of the 

tem differs greatly from that of the 
time required for the anesthetic to act 
on the brain, the system will hunt 
ind the animal will oscillate between 
periods of ove! ind under-anesthesia 


Application 


The application of the servoan¢ 
thetizer in medicine is presently lim 
ited bi mental data 


concerning the relation between the 


insufhicient expe 


el troencephalogram ind anesthesia 
in a variety of clinical situation 
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An Experimental Monorail Car 


TUTEUR 


Unlike the overhead-rail variety, this monorail car balances itself 
on a rail laid on the ground. The model is a modified directional 
gyro from an autopilot, fitted with double-flanged drive wheels 


Overhead monorail systems are in- 
herently stable, since the center of 
gravity is always below the point of 
support, and thus they offer little in- 
terest for the control engineer. Besides, 
systems of this kind have been in serv- 


188 CONTROL 


ice for many years, the most famous 
being the railway running through the 
Wupper Tal in Germany. They are 
easily identified by their unsightly and 
expensive track structures. 

Rail cars that could run safely on a 


single rail laid on the 
interested engineers for 
because they would have many ad- 
vantages over birail cars. One ad 
vantage would be the lower costs of 
track construction and maintenance 


ground have 
many years, 








For example, the accurate parallelism 
that must be maintained between two 
rails is obviously no problem for one 
rail. Also, curves would not have to 
he banked because d monorail Cal 
would have to bank automatically on 
curves to maintain its equilibrium An 
other advantage: the double-flanged 
wheels required to hold the car on the 
track would mean more friction be 
tween track and wheel, so that the 
car could climb steeper grades without 
slipping Thus, the monorailway 
could be used in mountainous terrain 
where curves and grades would be too 
sharp for a birailway. At the same 
time, the automatic banking feature 
would insure maximum comfort for 
passengers—a third advantage 

Ihe monorail car with its center of 
gravity located above the point of 
support is an unstable system. It can 
be stabilized by mounting a gyroscope 
rigidly to the car but free to rotate 
around an axis perpendicular to th 
ail. ‘The gyro may be mounted with 
its spin axis cither vertical or hori 
zontal, as shown in Figure 1. If a 
torque is applied to a gyroscope per 
pendicular to its spin axis, the gyro 
scope does not turn along the sam 
axis as the applied torque but instead 
it “precesses’” along an axis perpen 
dicular to both the torque and spin 
ixes. Because the gyroscope is rigidly 
attached to the monorail car, the 


whole svstem of car and gyroscope 


may be considered as one large gyro 
scope mounted in very heavy gimbals 
namely, the car. Thus if any upsetting 
torque is applied to the car, it cannot 
cause the car to fall over directly, but 
instead causes the gyroscope to pre 
cess. ‘The axis of precession is indi 
cated in Figure | as the “a axis’. If 
no control is exerted, the gyroscop 
continues to precess until its spin 
ixis is parallel with the rail; then the 
ar is free to fall over, and it does so 
Thus, even if the gyroscope is not 
controlled, it exerts a delaying action 
on the ultimate upsetting of the car 
and therefore gives any control that 
mav be applied time to act 

Control is exerted upon the gyro 
scope in the form of a torque along 
the a axis. Clearly, if torque along 
the axis of the rail or @ axis, see Fig 
ure 2, results in precession about the 
a axis, then torque applied along the 
a axis will cause precession along the 
rail or @ axis. Hence the application 
of the proper amount and direction of 
torque along the a axis will cause the 
car to right itself from a tilt. 

The basic gyrodynamic relation 
ships require positive feedback in th« 
control loop to stabilize the car 
Ihus, if the car is tilted to the left 
iway from its equilibrium position 
the resulting unbalance torque is a 


positive I, and causes precession in 
the negative a direction. To night the 
car, a control torque T, must be ap 
plied to cause precession in the nega 
tive @ direction. This control torque 
is therefore also negative a 


Control-system design 


In Laplace transform notation th 
monorail car has the equations and 
the block diagram shown in Figure 
Any of the commonly used stability 
criteria will show that the system 
unstable without the controller 

The control torque, T,, is the out 
put of the control system that must 
be added to stabilize the system. Sinc« 
the stabilization problem is basically 
that of controlling the equilibrium po 
ition of the car, it might seem most 
natural to make @ the input to the 
control system. Actually, however, it 
is difheult to measure 6, and a is used 
is the primary control input. In th 
svstem being described here, 

da 


Y 1 bs 
Va a 


orm Lapla c transtorm notation 
T.(s he 


Ihe system plus the controller ha 
i Nyquist diagram like that of Figure 
tA. Its form in the critical region 
depends on the values of the system 
parameters; the value of B,, in particu 
lar, determin vhether or not the 
critical point, | j0, is encircled 
lor the model car described, B, wa 
practically negligible and the Nyquist 
diagram encircled the critical point, in 
dicating instability. This should be 
truce also with full-size cars 

Additional phase lag to modify the 
diagram as shown by the dotted lin 
vas obtained by adding a nonmini 
num phase network, Figure 4B, to 
the control amplifier. Thus, the final 
mtrol system has the overall tran 
fer function shown in Figure 3, ‘Thi 
controller stabilized the system quit 
well, permitting the car to travel along 
1 track having straight and curved se 
tions. It also permits the ipplic ition 
of unbalanced loads. The car's r 
ponse to a sudden load application i 
lightly oscillatory, showing about on 
complete cycle of oscillation 


The demonstrator 


Ihe demonstrator model uses th 
directional gyro from an old Sper 
A-5 autopilot modified as follows 
P ‘Two wheels and a drive motor wer 
attached at the bottom 
P The gyro was rigidly attached to th 
gimbal so that its spin axis could not 
move relative to the inner frame 
> A small synchro control transformer 
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5) 1-0; 

6; (s) 14+ACs 
FIG. 4. A, controlled system Nyquist plot 
shows insufficient phase lag. Nonminimum 
phase network, B, moves locus to dotted line 


was mounted on top of the gimbal 
frame to transmit the precession angle 
(a) to the control system 

The A-5 directional gyro already has 
a number of additional features use 
ful in this application. Control torque 
may be applied by two solenoid coils 
mounted on either side of an arma 
ture that is attached to the gyro’s in 
ner frame. This torquing arrangement 
adds no friction and practically no 
mass to the gyro. Unlimited travel of 
the inner frame is possible because 
the solenoids are mounted on a servo 
driven followup plate which is pivoted 
about the precession axis of the gyro 
but is not attached to the gyro inner 
frame. Two “E” pickoffs are used to 
sense the displacement between the 


from MASSACHUSETTS INSTITUTE 


gyro inner frame and the followup plate. 

The followup loop acts to keep the 
armature centered between the coils 
and prevent it from striking the pole 
picces. Because the overall system can 
be no faster than this followup loop, 
a two-section lead-equalizer was used 
to push the followup loop crossover 
frequency up to 30 rad/sec 

Ihe control voltage applied to the 
followup motor is not exactly propor 
tional to the precession velocity of the 
gyro because of inertia and impedance 
effects; but it is a sufficiently accurate 
source of da/dt signal 

The velocity passed 
through the nonminimum phase net 
work discussed previously, and then 
added to the synchro signal 


signal is 


OF TECHNOLAGY 


J. B. RESWICK and J. E. ROBERTS 


A Dual-Function Generator for Analog Correlation 


Auto- and cross-correlation functions are useful in finding the response of systems for which 
normal response-testing methods are impractical. This special generator produces these 
functions from recordings of signal variations in the system during normal operation. 


Many physical systems, especially 
large continuous processes, cannot be 
tested for their frequency-response 
characteristics by the usual techniques. 
Large step or sinusoidal inputs might 
damage such systems or cost large 
amounts in off-quality product. Yet 
the frequency-response characteristics 
of such systems must be found if 
automatic controls are to be applied 
scientifically, One way to find the 
characteristics is to measure the sys 
tem’s behavior at both input and out 
put during normal operation, 

Parameter variations during normal 
operation are unfortunately nearly 
random in nature. Finding the sys 
tem’s response by mathematical tech 
niques becomes therefore very difficult. 
Still, the most effective method de 
veloped to date requires determination 
of the auto- and cross-correlation 
functions of the two variables, which 
means a great amount of calculation. 
(A full mathematical exposition of 
this technique was made by author 
Reswick in “System Dynamics With- 
out Upset”, Conrrot ENGINEERING, 
June 1955.) 

The correlation function of two 
random variables can be obtained by 
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shifting one variable by an amount r, 
multiplying by the other, and averag- 
ing the resulting ordinates. This must 
be done for a statistically adequate 
number of shifts. More exactly, the 
cross-correlation of x(t) and y(t) is 


dey (r) = x(t) y (t +71) 


+ 7 
lim / r(it)y (t + r) dt 
]'—> « J 7 


The autocorrelation is a similar func 
tion formed by correlating a random 
variable with itself. 

It has been proved that the cross- 
correlation of input and output signals 
in a randomly varying system is related 
to the autocorrelation of the input 
signal by the system’s response to a 
unit impulse. What has been needed 
is an easy means for obtaining these 
correlation functions. 

Multipliers have been commercially 
available with bandwidths up to 50 
keps—quite adequate for most short- 
time correlation purposes. Averaging 
can be done by an integrator or an 
overdamped meter following the 
multiplier. The only problem, then, 
is in shifting one variable by the 


amount r. This has been tried using 
wide-band delay lines and tape record 
ers with adjustable dual playback 
heads. Such methods are costly, com 
plicated, and often inaccurate. A 
newly-developed dual-function gen- 
erator solves this problem consider 
ably better. 


The dual-function generator 


The dual-function generator is 
schematized in Figure 1. A mask ro 
tates at constant speed in front of a 
cathode-ray tube (CRI A feedback 
circuit is arranged so that a spot of 
light on the face of the CRT always 
rides just at the edge of the mask that 
is in front of the CRT. If the spot 
goes higher than the mask, the photo 
tube introduces a large voltage to 
counteract this movement, and if the 
spot drops below the mask, the bias 
voltage takes over and brings the spot 
up. Thus, because of the constant 
deflection characteristics of the CRT, 
the voltage taken from the output of 
the generator has the same form in 
time as the mask shape. The drum 
speed is adjustable from 0.3 to 1.5 
rps, and the drum circumference is 
38 in. By using two CRT’s, two time 
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functions can be generated simulta 
neously, and each can be shifted inde- 
pendently by horizontally positioning 
a CRT spot. Because both spots can 
be shifted, a total shift of plus or 
minus 34 in., about plus or minus 10 
percent of the total sample, is avail 
able. Further shifts are possible if 
one mask is rotated on the plastic 
drum in relation to the other 

Masks of the random variables to 
be correlated can be made in two ways 
(1) the variables are given as record 
ings which are not made specifically 
for use on the function generator, and 
a statistically adequate sample of the 
data is replotted with new scales on 
38 in. of graph paper and cut out for 
the mask; (2) the variables are mad« 
carefully on a rectilinear recorder to 
the correct scale so that 38 in. of the 
recording is an adequate sample; thus 
the recording is merely cut out directly 
and used as a mask. 

The frequency of the 
function generator was calculated 
theoretically to be that of a simple 
lag with a break frequency of 2,000 
cps. Ihe con 
stant experimentally up to 750 cps 
the highest frequency tested. Because 
the lowest that can be 


response 


tre quency response 1s 


frequency 


7 FIG. 1. The 
Output y\t) 


generated is 0.3 cps, a total of mor 
than three decades of frequency 1s 
available. This is considerably more 
than the bandwidth of most physical 
systems and is thought to be quit 
adequate tor 
poses. 


most correlation pur 


Experimental results 


The output of the dual-function 
x(t) and vit + fr) for 
rs up to plus or minus 10 percent of 
the total sample. The method 
for correlation is shown in Figure 
It is only 
one revolution of 


gencrator 1s 


used 
necessary to integrate for 
the mask 
no additional information is obtained 
Ihe 
the meter after the integrator is run 
for T sec is T' ¢,, (+) for some particu 
lar value of r. This, then, is one point 
on the correlation curve 
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l'o test this method of correlation, 
wide-band white passed 
through a quadratic filter, and the out 
put, x(t), was recorded on a Brush 
recorder. Since this type of recorde: 
does not usc 
were taken 
plotted on graph 
and cut out with scissor I 
tical masks were 
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Circuit used for finding correlation functions 
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lation Lh obtained are 
shown in’ Figure along with the 
calculated curve and the curve taken 
by the MIT Whirlwind I digital com 
puter. It is 
tained agrec ery 
calculated curve 
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INSTITUTE 


JOHN PAUL LOCHER JR 


A Wide-Band Servo Analyzer 


Most servo analyzers are hybrid devices that cover a wide frequency range by com 


bining mechanical and electronic generators 


is all-electroni 


Ihe analyzer described here over 
comes the accuracy and life limitation 
of electromechanical systems because it 
is all-electroni« Ihe values of at 
tenuation in decibels and phase angle 
in degrees are read directly from front 
panel controls without computation 
The analyzer is small, and an oscillo 
scope, or other nulling indicator, is 
the only external equipment needed 
for de servo analysis. Vor analyzing 
ac systems an external modulator and 
detector are needed, Attenuation can 
be determined within 1 db. Phase 
angle accuracy depends on the quality 
of the null indicator 

The heart of this analyzer, and the 
reason for its compactness and large 
frequency range, is a special patented 
phase-shifting circuit 
I’, FE, Dickey 
mon electronic components to cle 
velop a signal of constant amplitude 
with a time-phase shift proportional 
to the rotational setting of a dial 

The analyzer is limited in that the 
input and output of the system to be 
tested must be represented by ele 
trical signals. If transducers are used 
their characteristics must not inter 
fere with the characteristics of the 
system being tested. 


developed by 
The circuit uses com 


19 db '4D/step 


Variable 
fenuator 








gna ne ut 
Output of 
system under 
fest 


An allelectronic servo analyzer 
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System operation 


he block diagram of the analyzer 


is shown in the figure. A four-clement 
phase-shift oscillator provides the dri 
ing signal for the other 
analyzer and for the system to b 
tested. ‘I'wo sine-cosine potentiometers 
on a common shaft form a phase-shift 
ing circuit that is manually adjusted to 
null the output voltage of the system 
under test. The accuracy of the ana 
lyzer is directly dependent on the accu 


circuits of the 


racy of the sine-cosine potentiometer 
Phase shift at the frequency s 

lected is read directly from a dial on 
potentiometers, At 
tenuation is found by subtracting th 
setting of the variable-phase attenua 
tor from the setting of the fixed-phase 
attenuator 


the sine-cosine 


I'he oscillator is tapp d so that two 
signals are obtained 


A sin wl 


1 sin (wt + 90) A cos wl 


A sin ot is called the reference 
signal. It is coupled through the fixed 
phase output circuit to the fixed-phase 
output binding posts 


Ihe two signals from the oscillator 


1 sin wl and A cos wt, 


l'his one, designed for a BEE. thesis 
It covers frequencies from 0.25 to 2,400 cps and can be extended 


ire applied to the sine-cosin potent 
ometers, whose wiper arms are 90 deg 
ipart on a common shaft. Connected 
in this manner, their outputs ar 

‘ E, sin 6 


é E, gin (6 + YU 


If I} A cos wt and | 
the output of the sin¢ 
tiometers will be 


‘ 1 cos wi sin 6 


é { sin wi cos 6 


Adding e, and e, in 
B, the resultant signal 
B le, + ¢ AB (cos 


Sin wi cos @ 


14 sin 


I he variable pha 
have a gain of B 


phase signal is 


1 sin (wl + @ 


Ihe variable phase signal, appearing 
it the variable-pha itput binding 
posts, is used for nulling with a Li 
ajous presentation on an oscilloscopx 
ind consequently is unaffected by th 
variable-phase attenuato 

he null 


vedance adding networ} Ihe 
| £ 
able-phas¢ 


network 


signal ind output 
from the system being teste 
idded to produce an amplitude and 
time-phase null. The output of th 
null network goes to a null indicator 
juator is used 


uutput 


Che signal-anput atte 
to compensate fol ystem 
ignals too large in amplitud 


Performance 


The present model of the analyzer 
covers the frequency range from | 
5,000 rad/sec 
Capacitor ne iry to 


rad/sec (0.25 cp to | 
2,400 Cps ) 
tune the oscillator to frequencies b 
low 1.57 are physi illy large 
o they were not built into the in 
trument. Binding posts, and an “ex 
ternal” 


rad 5c 


position on the frequency 


range switch, however, make it possi 
ble to extend the oscillator to lower 


frequencies by external capacito 
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Modern industrial research instruments 


%| 


_ seven-ton bulldozers are truly research tools, for they are 
taking part in an exhaustive program for the study and revision of acc pled 


methods of os« illographuc recording system design and manufacture 


Yes, Sanborn Company is on the move! The instruments above are levelling off 
small mountains of earth and rock in preparation for a new and modern 


Sanborn plant near Boston, Mass 


Completion of the structure late this year will mean vastly improved facilities for 
research, manufacturing and other operations. This will directly and immediately benefit | 
only the work Sanborn does, but also the people who use Sanborn systems, amplifiers 
recorders and other components. It will make possible more rapid deve lopment and 
production ot new instruments, and in reased opportunity for a larger number ol peop to 
apply their skills to the problems of modern instrument design and manufacture 

This represents not “just a new plant”, but a reflection of Sanborn’s growing rol 


in providing better answers to industry’s oscillographic recording needs 


Sanborn Company, Industrial Division, Cambridge 39, Massachusetts 


Scale model of new Sanborn pliant 
just off Rovte 128 in Waltham, Ma 
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NOW... 


a Transistorized 


1 on a fe). ile 
PROCESS 
ote] pate) & 

> oe 


gle, compact 


ed electronic Controller 
n control room compone nts W ithin 
Tran fo? ed 
ompactne 
ument saves both panel 
Z means better proc 
maller investment 
— — — -_— _— — ~—— — — 
For transmission, control and valve oper 
ation based on the proved ‘American 
rosen' System, be sure to visit 
The |.S.A. Conference and Exhibit 
Manning, Maxwell & Moore, In« 
Booths 404.409 
New York Coliseum 
September 17-21, 1956 
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THE TRANSMITTER 


The new Series 185 Pressure Transmitter is a min- 
iaturized version of the well-known ‘American-Mi- 
crosen’ Pressure Transmitter. It incorporates the 
latest mechanical and electrical features to achieve 
maximum operating benefits and usefulness 

The time-tested “Microsen” balance creates a sta- 
ble de signal for long distance transmission. Bear- 
ing pivots and linkages are entirely eliminated. 
Consequently, sensitivity is practically infinite, 
and repeatability of measurement is within 0.001% 
of range span 

Printed circuitry and miniaturized components re- 
duce the size of the transmitter to only 4%” in 
diameter and 54" high. In dust and weatherproof 
case designed for universal mounting, the Series 
185 can be firmly supported on meter piping, pipe 
pedestal or vertical surface. 

‘American-Microsen’ Transmitters of similar de- 
sign are available for differential pressure, flow, 
temperature and other variables. 


MANNING, 


MAKERS OF ‘AMERICAN-MICROSEN’ 





THE CONTROLLER 


The Series 164 Controller provides a complete con- 
trolling system in a single panel-mounted housing. 
Now one compact transistorized unit handles all 
control functions: indicating or recording the 
process variable, controlling, and manual-auto- 
matic operation. Transistorized design greatly im- 
proves reliability and service life. Savings in panel 
cost are tremendous because of miniaturization 
and consolidation of control functions — because 
no longer is it necessary to wire several units 
externally. 


The Series 164 is available as a Recording Con- 
troller, compact Indicating Controller and as a 
long-seale Indicating Controller. Each functional 
unit is contained on a separate plug-in chassis 
within the housing. Each unit can be removed and 
replaced within moments without disturbing the 
operation of the other units. 


THE OPERATOR 


In 1955 we introduced the ‘American-Microsen’ 
Electro-Hydraulic Control Valve Operator a 
power unit with position feedback to operate con 
trol valves, dampers, etc. It completely eliminated 
the need for compressed ai! 


More than a year of efficient performance in field 
service was paralleled by further engineering de 
velopments that culminated in the new Series 181 
Electro-Hydraulic Control Valve Operator. This 
improved unit offers simplified design character- 
istics that mean even lower cost and greater re- 
liability than its predecessor 


The Series 181 Electro-Hydraulic Control Valve 
Operator is mountable on standard yokes supplied 
with conventional slip-stem control valve vith 
bodies of single or double-seated construction, with 
V-port, parabolic, needle and equal-percentage 
plugs. It can be furnished for all 
cluding those of 4 troke, and with force avail- 
able up to 3,250 Ibs 


Dau 


valve 174 ifi- 


MAXWELL & MOORE, INC. 


INDUSTRIAL 


ELECTRONIC INSTRUMENTS FOR MEASUREMENT, TRANSMISSION AND CONTROL 


CONTROLS 
Strattord, Connecticut MAXWELL 


DIVISION 
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the BIG name in 


SINZNIGL 


SPECIALIZED ROTATING 
ELECTRICAL EQUIPMENT 





Induction 
Synchronous 
Hysteresis 


Salient Pole T he development of small, special-purpose, 
Permanent Magnet ctetomg : P ic 


Servo rotating electrical equipment had its origin at 
Eastern Air Devices, where—since 1942- 
Precision know-how and experience in the design and 
Sub-Fractional elgeleltondlelsmmme) Mmm anlialt-la0ldpa-iemmm-el0llelanl-10) @mmer- | 
& Fractional been meeting specialized requirements. 
if your ‘need is small motors, blowers, fans, 
actuators or generators ‘EAD is ready with 
relgelelt ion dielaMmor-]ey-oll eam commil-lalel(cMmn 28)0 ame 2e)i lent 


50, 60, 400 cycles and vari- 
able frequency; single and 
dual frequency; single, two 
and three-phase operation; requirements, and with engineering design 
1/3500 to v2 hp; 1” to services to develop and.produce a _ unit to 
6%” diameter. meet the most exacting, specialized need. 


ne Write for complete information on EAD's 
Precision standard line and specialized design services 


Gear Motors 


50, 60, 400 cycles and vari- 
able frequency; single and 
dual frequency; single, two 
and three-phase operation; 
high torque; wide variety of 
gear ratios up to four speeds. 


yours for the asking 


ALTERNATORS 


Alternators available from 1” diameter, .01 
va; to 6%” diameter 800 va; power up to 400 
volt-amps; wide frequency range. Low har- 


BLOWERS & FANS monic content—units are capable of deliver- 
Axial Flow & Vane Axial | ad ing a sine wave with less than 2% distortion. 
Dual frequency units produce a combination 
of frequencies and voltages for special 
A complete line of light- applications. 
weight, centrifugal blowers, 
ring mounted fans and vane 
axial fans for cooling elec- 
tronic equipment or for 
general purpose use. 


DC TACHOMETER 
Capacities range up to 1000 GENERATORS 


cfm with special designs 
available for high static 
areeanree. Single and DC voltage generators provide a volt- \\ 
double ended—50, 60, 400 age signal proportional to speed, with s 

cycle and variable fre- high linearity for tachometer and con- 

quency (360-1600 cycles). tro! applications. 


Eastern Air Devices, inc. 22.0 ain 


“QUALITY STANDARD OF THE INDUSTRY” 
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his is Honeywell 


products with applications unlimited 


... for measurement and control 


This is the world’s largest manufacturer of 
controls. Honeywell products range from the 
simplest controllers to complete instrumentation 
for any industrial process. Some of these 
products are shown on the following pages 
Many represent entirely new applications 
Others are basic control units or instruments 
that have been redesigned and 

improved as a result of continuing research 

Still others have served as fundamentals 

in industrial control technology for many 

years. One of these products, or a 

combination of them, might well provide 

the solutions to your present or future problems 


As boundless as the applications of these 
products are the opportunities at Honeywell 
for engineers with an eye to the future 
You'll do well to check the advantages 
of working with Honeywell, first in controls 
. and one of America’s most exciting companies. 


Honeywell 
Fists tw Covttoly. 
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products with applications unlimited 


INDUSTRIAL 





Instruments 





The Heiland 
Dynamic 
Recording System 


... versatile... expandable... easy to 





operate... for rack or table mounting 


The Heiland dynamic recording system will fill 
your minimum recording needs, yet will readily 
expand to cover your broadest requirements. 
The 712-C, for example, can be equipped for 
one-channel recording—or can easily be ex- 
panded to record 60 channels simultaneously. 
The wide capacity of the system and its ease of 
operation make it the most practical, conveni- 
ent, and accurate system you can use... in the 


ae &) Se 
Oe VDC 
Qc =) S) * 


laboratory or on the relay rack. 


This view shows a 712-C Oscillograph, a 
Carrier Amplifier Unit and a_ Bridge 
Balance Unit installed without modification 
in a standard relay rack. 


Write to: 5200 E. EVANS AVE., DENVER 22, COLORADO 
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--- for measurement and control 


THE HEILAND MODEL 82-6 SIX-CHANNEL BRIDGE 
BALANCE AND STRAIN INDICATOR UNIT 


Provides a simple and accurate means of calibrating 
and measuring static and dynamic current phenomena 
from resistive type transducers in connection with oscillo- 
graphic recording. Write for Bulletin 801 M. 


THE HEILAND MODEL 119 CARRIER AMPLIFIER 


The amplification of static and dynamic current phenom 
ena for oscillographic recording is simple and accurate 
when the highly-stable Heiland Model 119 Carrier 
Amplifier System ia used in conjuction with the Heiland 
recording oscillograph. For resistive, variable, reluctance 
and differential tranformer type transducers. Provides 
high amplitude oscillographic recordings having a flat 
response to 1000 cps. Linear and integrating amplifier 
channels are also available for this system. Write for 
Bulletin 101 M 





THE HEILAND 708-C OSCILLOGRAPH 


Is identical to the 712-C except that it accommodates 
record widths up to 8 inches, and records up to 36 
channels, Both models operate on either DC or AC. The 
DC model 708-C is pictured. Write for Bulletin 701 M. 


A The Series "M" Subminic- 
ture Galvanometer (left) is 
of the most advanced de 
sign, and is a natural com 
plement to the 700 series 
oscillographs. Maximum 
zero stability, great sensi 
tivity, and ease of adjust- 
ment are among its out 
standing features. Write 
for Bulletin 301 M. 


The Solid Frame Galvanom- 
eter for the Heiland 401 
Portable Odscillograph, is 
shown at right. rite for 
Bulletin 201 M. 





THE HEILAND 712-C OSCILLOGRAPHS 


Afford complete accessibility from one operating surface. 
Features include record widths up to 12 inches with 60 
channels, paper speeds from 0.030 to 144” sec., daylight 
loading with separate light-type takeup and supply 
drums, and recorded trace velocity to 20,000 inches per 
second on No. 809 recording paper. AC model pictured 
Write for Bulletin 701 M 


Honeywell 
Fits to Cotiols 
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products with applications unlimited . . . for measurement and control 


INDUSTRIAL 
Instruments 


CHOOSE BROWN 
SERVO COMPONENTS 


Here are the building blocks of high-performance servo 
systems .. . top-quality components for your instrument 
circuits, for research or for production applications. 


These Brown components are ideal for remote positioners, 
null balance circuits, analog and coordinate translators, 
servo loops. Numerous special features can be 


provided to meet special requirements. 


TWO-PHASE REVERSIBLE MOTORS 


Ideal for use in servomechanisms, 
computers, null circuits. High 
torque. Fully enclosed, Self- 
lubricating. Many variations in 
pinion, shaft, lead wires, and con 
struction materials available for 
special requirements, 


Specifications 


CONVERTERS 


Convert d-c signals as small as 
10-8 volt to a-c. SPDT switching 
action. Sensitive, stable perform- 
ance... ideal for computers, 
servomechanisms, balancing cir- 
cuits. Numerous special features 
can be provided for special needs. 


Available in these ratings 








No-load speed—rpm 27 333 





Max. torque—in. oz 85 19 ll 





rpm for max. power 2 15 31 92 190 





Nominal frequency, cps 25 





Synchronous range, cps 23-28 36-44 





6.3 volts, 


Driving coil power 60 ma 





Reference data: Instrumentation Data Sheet 10.20-2 
Prices from $42.00 (lower on quantity orders) 


AMPLIFIERS 


As a basic link in the servo loop, 
the Brown amplifier takes a low- 
level input signal, and amplifies 
the signal sufficiently to drive a 
two-phase balancing motor. 
Readily adaptable to various 
measuring, balancing, and posi- 
tioning applications. 


Select from these basic models 





d. 


Sensitivity Nominal Input ! 
(Microvolts) (ohms) 


40 400, 2200, 50,000" 
400, 7000 
400, 2200, 7,000 
200” 





? 














® jal for high impedance sources. 
Prices from $98.50 (even more favorable prices on quantity orders). 
Reference data: Instrumentation Data Sheet 10.20-3 


Prices and specifications subject to change without notice. 





Reference dota: Instrumentation Data Sheet 10.20-5 
Prices from $36.00 (even more favorable for quantity purchases). 


INPUT TRANSFORMERS | 


Handle low-frequency a-c, or 
chopper-modulated d-c_ signals 
from .0005 to 200 millivolts, such 
as are generated by thermocouples 
or other transducers. Designed 
with highly efficient shielding. 


~ 





Cheese from three models 355567-1 356326 355567-2 


Primary turns (4 primary) 600 1,094 3,400 

(center- Resistance (approx.) 30 ohms 450 ohms 750 ohms 

tapped) 60 cps impedance 1,300 ohms 7,500 0hms 50,000 ohms 
impedance, full pri. 5,200 ohms 30,000 ohms 200,000 ohms 





Secondary turns 9,600 17,500 12,000 
Resistance (approx.) 2,500 ohms 5,800 ohms 3,400 ohms 
Capacity to tune to 
60 cycles 015 mfd. 001 mfd 


003 mfd. 
Weight 7.1 oz. 





Prices from $21.00 (even more favorable on quantity purchases) 
Reference Data: Specification $900-1 


IH} Honeywell 


Write to: WAYNE & WINDRIM AVES., PHILADELPHIA 44, PA. 
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products with applications unlimited . . . for measurement and control 


SYSTEMS 
Engineering 


Unusual problems call for 


HONEYWELL 
SYSTEMS ENGINEERING 


Honeywell Systems Engineering often spells the difference between 
success and failure in the more unusual measurement, data handling 
and process control applications. Honeywell systems engineers 
analyze your problem and design a system tailored exactly to your 
needs. 


The Honeywell name is your assurance that the system is engineered 
to the industry’s most exacting standards, the product of years of 
- , ; pioneering applicational experience in the field of automatic 
his console, designed and built by Honeywell, con- control. But more than a skillful combination of fine components, 
trols a swimmin pool type nu lear reactor rn . “ 
Electronik strip chart instruments record atomic Honeywell systems are designed with the operator in mind, for 
radiations and power level. unmatched simplicity of operation and maintenance, 


The installations shown on this page represent some of the systems 
designed and built by Honeywell to solve complex problems in 
control and centralized data presentation. 


Honeywell’s practical approach offers distinct advantages in 
systems such as these. Check into these benefits with a call to 
your nearby Honeywell sales engineer. He’s as near as your phone, 


« 


This load and frequency control system for a large , v4 il SS ee 
electric utility company automatically regulates a . ; te ranean A He Bn 
power output according to user demand and main- ie! Le maw nd foo soy ete agen 
tains frequency of the generated current within a ae > ; ated of tank lavete, tans 
extremely narrow preset tolerances. ni “= seed wat es aoe. 
; grated and totalized flows, 

A samall graphic panel 

shows positions of valves 

in the component tank 

fields and status of pumps. 

Tank level and flow control 


contacts are included 


MIinnwn BAP OLLI SG 
Data Handling System for aircraft engine testing 
stores all data at the instant of reading and prints 
out the typewritten record during an inactive period 


Data from two engine test cells can be selectively 
recorded on either one of two typewriters by means 


of a patchboard for all 300 inputs - : 
Write to: WAYNE AND WINDRIM AVENUES, PHILADELPHIA 44, PA. wt WL ( "sitios 
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products with applications unlimited . . . for measurement and control 


INDUSTRIAL 
Instruments 


for accuracy, 
Precision Class 15 Line of Electronik instruments. Calibrated ac- 
versatility, price curacy, + 25% of span. Complete selection of many types of indicat- 


ing and recording models, including electric and pneumatic 
controllers of most advanced type, and multipoint monitoring or 
recording of 2 to 400 points. 


... Let your application 
decide which 

Brown instrument 

fits your needs 


ee ary | 


Got a temperature measurement or control 
job to handle? There’s no need to “shop , : ; 

ey Special Class 14 Line of Electronik instruments. Calibrated ac- 
around. For from one source- Honeywell r curacy, + .5% of span. Priced lower than the Precision line. Strip 
you can be sure of getting exactly the right chart and circular chart instruments, circular scale indicating con- 
instrument to fit your needs. trollers. With various types of electric control 


You can choose from the most complete, most 
diversified line of pyrometric instruments on 
the market . . . for the performance you need 
at the price that fits your budget. 


For the peak in precision and versatility, 
there’s the “‘Precision’’ ElectroniK line. The 
ElectroniK is available in eleven basic models, 
and can provide automatic control action from 
the simplest to the most advanced types. 


For less exacting applications, a new series of 

instruments—the ‘“‘Special’’ ElectroniK line 

—is now available. They provide many of the 

f f t "ths yi , : y , " Millivoltmeter Instruments. Dependable, accurate service at low cost 

Otis oF au omatic control you can get with Plug-in unit design speeds servicing. Pyr-O-Vane controllers, in 

the “Precision” line . . . at lower cost. either horizontal or vertical case, offer snap-action or time-propor- 
tioning electric control 

For simplified indicating control, Honeywell 

offers a line of economical millivoltmeter in- 

struments ... Pyr-O-Vane controllers, with a 

variety of electric control forms .. . and wine BAPOCLIS I] 


Protect-O-Vane controllers for excess tempera- * » y W 
ture safety cut-off. ne e 
ints in Covtioly 
Write to: WAYNE & WINDRIM AVENUES, PHILADELPHIA 44, PA. WU UWL 
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products with applications unlimited . . . for measurement and control 


INDUSTRIAL Don’t overlook these 


: | low-cost controls 
on ro S Use these reliable Honeywell industrial controls for 


relatively simple applications. In addition, these low- 
cost controls, when used with indicating and recording 
instruments, provide all of the necessary components 
for the more complex control systems — all from a single 
manufacturer. The units shown here are but a few in 
the world’s largest line of industrial controls. 


Electric-Pneumatic Relay C437A Gas Pressure Switch Electrical Power Unit 

This is an_ electrically-operated Use this new gas pressure switch asasafety This newly developed electrical 
diverting relay, used when an inter- cutoff on multiple burner gas installations power unit can be used to position 
lock between an electrical circuit and . as a pressure controller for hazardous valves, dampers and other com 

a pneumatic circuit is desired gases... or asa differential controller for ponents of control systema, It is 
Pneumatically-operated relays are air or non-hazardous gases. It meets the available for on-off, 2-position, 
available too. They use pneumatic requirements of Associated Factory Mutual multi-position and proportioning 
impulses to actuate electric circuits and Underwriters Laboratories control 





Explosion-Proof Pressure Controller 
This compact pressure controller 
can be used safely in hazardous 
atmospheres. It also ia available in 
ranges from 300 to 3000 pat 


Write for Catalog &8305-R which 
deacribes these and many other ver 
satile and inexpensive industrial 


Pressure Controller controls 


This unit controls pressure in a 
variety of ranges from 300 to 3000 
psi. 


A oe 
Honeywell 
‘ * 
Write fo: WAYNE & WINDRIM AVES., PHILADELPHIA 44, PA. | m0 We Contiols 
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products with applications unlimited 


MICRO 
SWITCH 


Precision 
Switches 


M I iq R 0. precision s switches Hf 


nenteitlipeminantsiiaiinnnia -++ THEIR USE IS A PRINCIPLE OF GOOD DESIGN ‘ 


A continuous flow of Precision Switch 
developments anticipates designer’s needs 


Whatever the design requirement—whether it calls for unusually small size, unusually 
high electrical capacity or unusual actuation and circuit arrangement—there is a 
MICRO SWITCH precision switch to meet it. That is why designers have long made it 
standard policy to check with MICRO SWITCH as new needs develop. 


Shown here are just a few small, compact switch designs that are typical of MICRO 
SWITCH development. Each is one of a whole “family” of extremely reliable switches. 








High Capacity Basic Switch 

This switch combines high electrical rating with High capacity 
high inrush capacity. The steady state current basic switch 
rating is 20 amperes, with inrush capacity of 75 

amperes on voltages up to 460 volts a-c. These 

switches are especially useful for handling high in 

rush currents of solenoids, motors and tungsten 

lamps. (Send for catalog 62.) 


Type “V3” Switch 

The MICRO SWITCH “V3" line ewitches have wey 
the highest electrical capacity for their size of 

any ewitch available. They have been developed 
to meet the exacting requirements of designers for 
an extremely amall, compact switch without 
sncrifice of quality. Actuators are available to 
permit their actuation by cama, slides and other 
mechanicel motion not in line with the ewitch 
plunger motion. (Send for catalog 74.) 


Type “V3” switch 


Subminiature Toggle Switch 

This is one of a number of subminiature toggle 
ewitech designa developed for subminiature as 
semblies. The toggle ewitch illustrated consists of 
one MICRO SWITCH subminiature switch 
riveted into the stainless steel toggle bracket. he 
samembly is for single-pole, double-throw service 
Double-throw switches can be used “normally 
open” or “normally closed" by wiring to either 
the normally open or normally closed terminals 
(Send for catalog 75.) 


“V3" Rotary Selector Assembly 


These assemblies are available with from one to 
eight awitching unite and from two to eight detent 
positions. Light in weight and small in size, these 
assemblies are well suited for use in electronic and 
aircraft applications. Many assemblies are 
available with various camming sequences. (Send Subminiature 
for catalog 74.) Toggle switch 


“V2 rotary 
selector assembly 
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New “EN” Series sealed switches 


MICRO SWITCH Series “EN” switches give 
reliable, long-life performance under extreme 
conditions. They are completely sealed and can 
be mounted wherever a through hole can be 


provided. 


=>. 


Ae 





Spring return adjustable actuator 


for cam or slide actuation 







1 


, 


Positive drive adjustable actuator 
for linkage operation 








MICRO SWITCH——— 


Engineering Service can be a 
short cut to better design 


MICRO SWITCH Engineer- 
ing Service is made up of experts 
on just one thing—precision 
switching problems 


Whatever your design problem, 
its solution may easily be ex 
pedited by consultation with an 
engineering service that has 
helped in the solution of many 
complex electrical switching 
problems. 


MICRO SWITCH may have al- 
ready solved a problem similar to 
yours — for somebody else. Should 
your problem turn out to be en- 
tirely new, MICROSWITCH can 

and will—develop the switch 
you need 

















Roller plunger actuator 
for actuation by cams and slides 


Write to: FREEPORT, ILLINOIS 








a 


Plunger actuator 


for in-line motion actuation 


H 





Environment-proof 


for water pump controls 
| 








hea DIA 


Designers of liquid level and pressure 
controls for automatic pump controls 
found all five of the vital requirements for 
switches in such a device in Honeywell 
Mercury Switches 


These were: (1) high resistance to humidity; 
(2) unaffected by corrosive gases; (3) 
operation by low energy input; (4) 
capacity for wide overtravel; and (5) 
flexible in adjustment 


The switch used in this application is 
capable of a maximum tilt of 5 degrees. 
Switches are operated by revolving discs. 


oneywell 


Fouts we Covtiiols 
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products with applications unlimited 


_ MACHINE 
CONTROLS 


; 





proximity switch 


... the modern successor to the mechanical limit switch 


¢ Requires no physical contact with the work piece 
¢ Contains no moving parts 
¢ “Wear-out”’ proof 


Applications: 
For sensing ferrous materials on assembly lines, in 
liquids and moving parts of automatic machine tools. 


Doelcam’s new Proximity Switch detects ferrous materials 
in a magnetic field set up directly in front of its inductive 
sensing head. A signal flows to the self-contained magnetic 
amplifier, which in turn activates a remotely located 
electrical control relay. This relay may be triggered up 
to 10 times per second. 


In contrast to the conventionally used mechanical limit 
switches, the new Doelcam Proximity Switch is believed 
to be literally “‘wear-out” proof. Its magnetic design 
eliminates both internal electric contacts and linkages 
(both subject to wear). It requires no physical contact 
with the object to be detected. 


Schematic Diagram showing Doeleam Proximity Switch 
actuating Engine Block Transfer Line. 








ENGINE BLOCK 
ENGINE BLOCK 
a 








Write to: 
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1400 SOLDIERS FIELD ROAD, BOSTON 35, MASSACHUSETTS 


The model T-271 is 6” long and 154%” 
square and is sheathed in a heavy steel 
housing. The magnetic circuitry is 
protected by latest embedment tech- 
nique. The sensing head can detect 
objects within 4” of its face. In the 
case of machine tool operation, the 
new switch cannot be set off by falling 
metal chips. Other models with sen- 
sitivities up to *%%” are available. 
Power requirements are 115 volts, 60 
cycles. Write for Bulletin PS. 








ese for measurement and control 








. ° 
> . 
a bination f 
ow...a@ mew combination for 
| of hydrauli 
servo control of hydraulics... 
H Il’s all j lifi 
oneywell’s all-transistor amplifier 
. 
and hydraulic servo valve 
Electronics and hydraulics are teamed in this new Honeywell 
amplifier-servo valve combination for swift, sure control of 
variable displacement hydraulic pumps or cylinders. Designed 
specifically for industrial use, this combination provides both 
remote and proportional control. Both units are built with the 
stamina and precision essential to long, reliable performance. 
5 
The XRJZ01A Transistor Serve Amplifier 
This completely transiatorized, low voltage a-c amplifier i# designed to 
drive the XVJ300A electro-hydraulic servo valve or an equivalent d-c 
: load. Input circuits are flexible to provide a choice of parallel summation, 
The XVJ300A 3-Way Electro-Hydraulic Servo Valve ratio comparison, or series summation of input signals. The output 
f The valve is actuated by a proportional-type permanent magnet torque motor circuit is designed to power either a balanced single load or separate loade 
This actuator produces an output displacement proportional in both magnitude rated up to 5 watts at 15-20 volta 
and direction to the input differential current. The torque motor displacement is 
used to regulate hydraulic pressure and flow. The valve is rated at 10 gpm at 
1000 psi and has a natural frequency of 290 cps 
The Honeywell amplifier-valve team, when used in a closed loop system to 
control a variable displacement pump, can position the atroke control cylinder to 
better than 0.1% of total stroke. On small pumps, a full stroke frequency re 
sponse of 6-8 cps. can be obtained 
ll Minn BAP OLIGS I} 
H 
Fouts to Controle 
Write to: MINNEAPOLIS 8, MINNESOTA . 
>. 
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DOE LC A M products with applications unlimited . . . for measurement and control 


Inertial 
Components 


Linear Accelerometers 
.. » Zero Cross-coupling, Non-pendulous type 
Applications: 
Model GG 22 series for aircraft and missiles. These ac- 
celerometers sense positive or negative accelerations 
or both in either the vertical or horizontal plane. 
They are available in a variation of ranges from +0.5¢ 
to more than +50 g's depending upon requirements. Linear Accelerometer 
Features: 
Linear Response ¢ Viscous Damping 
D-C Output Signal «¢ Hermetically Sealed 
Extremely Rugged 
Weight: Approximately 0.9 pounds 
Environment: Meets MIL-E-5272A 
These units consist of a centrally-located mass restrained 
by coil springs and supported on a linear-type ball-bearing. 
Any movement of the mass on either side of the null dis- 
placement position is measured by a potentiometer pick-off, 
providing a high level output signal. Viscous damping is 
incorporated for improved dynamic response. Excitation 
may be as high as 100 volts (A-C or D-C) depending on the 
potentiometer resistance. 


Gyroscopes Rate Measuring 


... where high accuracy and superior dynamic Gyroscope 
response are essential 
Applications: 


Missiles control and homing systems, auto-pilot 
stabilization, and flight evaluation of the latest types 
of military aircraft. 
Doelcam Master-Precision Gyroscopes and Gyro Stable 
Platforms are standard equipment in many of today’s 
missile and aircraft stabilization and guidance systems. 
Shown here are two standard models. Specialized versions of 
these models or completely new designs can be produced in 
quantity to suit your requirement exactly. 
Rate Measuring Gyroscopes, Type JR for tactical weapon 
systems requiring less than one minute warmup. Incorporate 
damping compensator for constant damping ratio without 
heater. Linear output signal proportional to input rate 
within 0.25%. Angular Momentum—10° gm.-cm.’/sec. 
Write for Bulletin JR. 
Cageable Free Gyroscopes, Type CFG-P (Potentiometer 
Pickoff) and Type CFG-S (Synchro Pickoff) for guided mis- 
sile instrumentation and control systems. These gyros 
measure angular deflection about either one or both gimbal aap gM EF BBM, 
axes. The rugged simplicity of the caging mechanism and the oneywe 


rail-type mounting enable these gyros to withstand severe 


Cageable 
Free Gyroscope 


shock and vibration. Remote caging and uncaging. Write 


for Bulletin CFG. iH 
Write to: 1400 SOLDIERS FIELD ROAD, BOSTON 35, MASS. Fit? WL Coitiols. 
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D OF LC A M products with applications unlimited . . . for measurement and control 


Servo 
Components 





Mar 
Electrical Mar Dynamic 
Function Frequency frre Receiver Erver 


CONTROL UNITS eae: 


Synchros oe Differential Transmitter 400 


eee Transformer 400 
... 115 volts, 400 or 60 cycle a Transmitter 400 
, 7 oth al Transformer 400 
Applications: 16CXB4a* Transmitter 400 
‘ fis 18CT4a Transformer 400 

For electrically transmitting 18CX4a Transmitter 400 
angular position informa- : 18CT6a Transformer 60 

tion to remote locations for ; 19CTB4a* Transformer 400 
indicati Bearer . 19CXB4a* Transmitter 400 
incicatiOn OF Control. : 23CDX4a_——ODifferential Transmitter 400 


: . 23CDXSa__——iifferential Transmitter 60 
Doelcam synchros are proven com- 23CT da Tesnetenmeae 400 


ponents in numerous military servo oe , 23CX4a Transmitter 400 
systems. Their accuracy, reliability, . 23CT6a Transformer 60 
and overall performance character- , 23CX6a Transmitter 60 
istics are guaranteed to equal or ; j *Equipped with bearing mounted stator 
surpass the stringent requirements TORQUE UNITS 
of MIL-S-16892, FXS-1066, MIL- nae 
4 / 15TDX4a__——ODifferential Transmitter 400 
S-12472 and MIL-S-17245. All types  isTRés > jee 
are available with either splined or rete ‘ Receiver 400 
hafts. 23TDR4a ifferential Receiver 400 
keyed sha 23TDR6a_ _—Oiifferential Receiver 60 
23TDX4a_ ~—— Differential Transmitter 400 
23TDX6a ~— Differential Transmitter 60 
23TR4a Receiver 400 


Servo Motors 23 Ra Receive 60 
23TX4a Transmitter 400 
. . . 400 cycle 23TX6a Transmitter 60 
Applications: 31TX6 Transmitter 60 
In high performance servo 
systems where extremely high 
torque-to-inertia ratio isessen- RATED VOLTAGE 
tial for fast dynamic response. 











OoOwmnwwvwwnaca 

















Coauel 
Fired Phase 
Phase (Series) 


115 115 
115 115 
115 230 
115 115 
115 115 
115 300 
115 115 
115 180 


i 


The extremely high torque-to-iner- ye ay 

tia ratio of Doelcam Servo Motors MK 7 MOD 0 
provides the fast dynamic response MK 7 MOD 1 
required in high performance servo mi MK 7MOD2 
systems. These servo motors comply a! MK 8 MOD 0 
with the rigid specifications of MIL- oom ; 
S-17087. They are available with in- ; MK 14 MOD 2 
ternally or externally threaded gear MK 14 MOD 3 
heads to meet customer require- 
ments. Latest embedment tech- 


niques assure reliable performance a 
under the most severe operating H 
ns IH} Honeywell 


+ * 
Write to: 1400 SOLDIERS FIELD ROAD, BOSTON 35, MASS. Fiat WE Coritiol. 
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DOE LCAM products with applications unlimited . . . for measurement and control 


Electronic 
- Components 


Low Level 
D-C Amplifiers 


. « . Second Harmonic Magnetic 
Converter for all-around improved 
performance 


Isolated Input 

Low Drift 

Wide Frequency Response 
Low Noise 

Linear Amplification 


Applications: Doelcam Low Level D-C 
Amplifiers are available in a number of 
different models designed to fill the need 
for a variety of applications such as the 
following: Amplification of low level d-c 
: : v Zere Noise 
signals, Proportional amplifier for control Dritt* Level 
systems, Pre-amplifier for driving record- Rang Impedance Response Linearity (max.) — (mat.) 
ers, Multi-point scanning of thermo- 
couples or bridge measurements for mag- 
netic tape recording, Temperature moni- 
toring system for nuclear reactors, Analog- 
to-Digital conversion pre-amplifier and 
1D-C excited strain gauge amplification. 








1-100 1 Megohm / 0-20 cps 10,000 . ’ Yy % 10V into 
MV Volt 150012 


0.1 1000 0-60 cps 100 0.1-10% 1% 5% 10V into 
100MV —- 100, 0000 100,000 150002 


Doelcam Low Level D-C Amplifiers all 
contain the exclusive Doeleam Second O-SMV 22008 0-400 cps 1,000 0.5% = 0.2% 0 0-5V 
Harmonic Magnetic Converter instead of p Ay ny 

the conventional mechanical converter as 

the input stage. The elimination of the 0-10 50 milli F 50V into 
mechanical converter makes possible a MV sec. rise 500,000%2 
new level of reliability, frequency response — 

and the complete isolation of the input , 
from the amplifier chassis and circuit manage he 
ground, These amplifiers are available in a 

number of different packages, each de- 0.25 sec 5V into 
signed to best suit the requirements of the rise time 100,00012 
job to be performed. For example, some 
units have self-contained power supplies, 
while others may be rack-mounted for 
single or multi-channel operation. 











*Room Ambient 


Honeywell 
Write to: 1400 SOLDIERS FIELD ROAD, BOSTON 35, MASS. Fit We Covittols 


210 CONTROL ENGINEERING 








Hie Se ee 
; 
' 
' 


| products with applications unlimited . . . for measurement and control 


INDUSTRI 


Valves NEW HONEYWELL 200” 
CONTROL VALVES... 
FOR 10,000 PSI SERVICE! 


Here's a new, advanced line of fast-acting, pneumatically-operated 
valves to handle such gases as air, argon, helium, nitrogen, at pres- 
sures as high as 10,000 psi. A standard line, Series 200 is an im- 
portant contribution to control technology. 





These valves allow pressure drops as high as 6,000 psi under flow 
ing conditions . . . work just as dependably at 40 as at 400F. 
(Wider temperature limits obtainable with special construction.) 
Piston and diaphragm models shut off against 6,000 psi without 
leakage. Hand-operated models shut off against 10,000 psi 


Despite their small size, these valves are well suited for heavy duty. 
They’re of split-body construction with clamped-in seat ring. 
Bodies are machined from 18-8 stainless steel bar stock, and are 
designed to accommodate straight-through, horizontal-angle or 
right-angle piping. All Series 200 valves have the same body design, 
which simplifies maintenance and parts stocking. 


Write for complete details. 


Type 43 Piston-operated, Throttling Valve 
Cou’s: .025, .04, .107, .10, .25, and .4 


Also available as a hand-operated valve (Type 54) 


Type 44 Diaphragm-operated, Two-Position Valve Cu: 1.4 


Available for either air-to-close (shown at left) or air-to-open (shown 
at right) action. Hand-operated Model (Type 45) avatlable 


Oe a a MIinNB@APOLIS 
——©8<" " Hi Honeywell 


| ’ + ( , WET: , 
Write to: PHILADELPHIA 23, PA. wv wv 
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HONEYWELL 


ALABAMA 


In addition to a good instrument or control system, your 


purchase from Honeywell includes an interest by Honeywell. . 
that extends beyond the sale to successful operation. 
Honeywell branch offices are staffed with factory-trained. . . . 


engineers, equipped to make emergency repair or 


render periodic service at a frequency most convenient to you. 





BIRMINGHAM 5 
MOBILE 


ARIZONA 


PHOENIX 
ARKANSAS 


LITTLE 


ROCK 


CALIFORNIA 
FRESNO 
LOS ANGELES 22 
SACRAMENTO 16 
SAN DIEGO 
SAN FRANCISCO 3 


COLORADO 
DENVER 4 


CONNECTICUT 
HARTFORD 6 
NEW HAVEN 15 


DELAWARE 
WILMINGTON 5 


AT YOUR SERVICE FROM COAST TO COAST 


KANSAS 
WICHITA 16 


KENTUCKY 
LOUISVILLE 8 


LOUISIANA 
NEW ORLEANS 12 
SHREVEPORT 


AINE 
PORTLAND 2 


MARYLAND 
BALTIMORE 14 


MASSACHUSETTS 
BOSTON 35 
SPRINGFIELD 1 
WORCESTER 4 


MICHIGAN 
DETROIT 27 
GRAND RAPIDS 
LANSING 
SAGINAW 57 


MINNESOTA 


NORTH CAROLINA 
CHARLOTTE 3 
GREENSBORO 


OHIO 
AKRON 10 
CINCINNATI 2 
CLEVELAND 14 
COLUMBUS 14 
DAYTON 4 
TOLEDO 13 
YOUNGSTOWN 


OKLAHOMA 


OKLAHOMA CITY 5 


TULSA 14 
OREGON 

EUGENE 

PORTLAND 14 
PENNSYLVANIA 

ERIE 


HARRISBURG 


UTAH 
SALT LAKE CITY 4 


VIRGINIA 
NORFOLK 8 
RICHMOND 21 
ROANOKE 


WASHINGTON 
2 RICHLAND 
SEATTLE 9 
SPOKANE 1 


WEST VIRGINIA 
CHARLESTON 


WISCONSIN 
EAU CLAIRE 
MADISON 5 
MENASHA 


DISTRICT OF COLUMBIA 
WASHINGTON 16 


DULUTH 
MINNEAPOLIS 14 
MOORHEAD 


FLORIDA 


JACKSONVILLE 6 
MIAMI 35 
TAMPA 6 


GEORGIA 


ATLANTA 


IDAHO 
BOISE 


ILLINOIS 


CHICAGO 11 
PEORIA 5 
ROCKFORD 


INDIANA 


EVANSVILLE 

FORT WAYNE 6 
INDIANAPOLIS 2 
SOUTH BEND 14 


1OWA 


CEDAR RAPIDS 
DAVENPORT 
DES MOINES 14 


ROCHESTER 


MISSSSIPPI 
JACKSON 


MISSOURI 
JOPLIN 
KANSAS CITY 30 
ST. LOUIS 8 


MONTANA 
BILLINGS 


NEBRASKA 
OMAHA 3 


NEW JERSEY 
UNION 


NEW MEXICO 
ALBUQUERQUE 


NEW YORK 
ALBANY 6 
BINGHAMTON 
BUFFALO 23 


LONG ISLAND CITY 1 


ROCHESTER 6 
SYRACUSE 10 


PHILADELPHIA 32 
PITTSBURGH 27 
SCRANTON 


RHODE ISLAND 
PROVIDENCE 7 


SOUTH CAROLINA 
COLUMBIA 
GREENVILLE 


SOUTH DAKOTA 
SIOUX FALLS 


TENNESSEE 
CHATTANOOGA 11 
KNOXVILLE 17 
MEMPHIS 4 
NASHVILLE 12 


XAS 
AMARILLO 
CORPUS ene 
DALLAS 6 
EL PASO 
FORT WORTH 
HOUSTON 23 
LUBBOCK 
ODESSA 
SAN ANTONIO 1 


MILWAUKEE 10 


CANADA 

CALGARY, ALTA 
EDMONTON, ALTA 
HALIFAX, N.S 
HAMILTON, ONT 
LONDON, ONT 
MONTREAL 28, QUE 
OTTAWA 4. ONT 
QUEBEC CITY, P.@ 
ST. JOHN, N. B 
SASKATOON, SASK 
SUDBURY, ONT 
TORONTO 17, ONT 
VANCOUVER, 8. C 
WINDSOR, ONT 
WINNIPEG, MAN 


ALASKA 
ANCHORAGE 


PUERTO RICO 
SANTURCE 


FOREIGN SUBSIDIARIES 


LONDON, GREAT BRITAIN 
HONEYWELL-BROWN LTD. 
1 Wadsworth Road 
Perivale, Middlesex 
STOCKHOLM 42, SWEDEN 
HONEYWELL A/B 
Elektravagen 5 
VIENNA 1V/50, AUSTRIA 
HONEYWELL Ges.m.b.H. 
Favoritenstrasse 42 
HAVANA, CUBA 
CONTROLES HONEYWELL 5S. A. 
Calle 25— No. 228 








BRUSSELS, BELGIUM 
HONEYWELL 5. A. 
17, Place des Martyrs 
MEXICO CITY 4, D. F., MEXICO 
HONEYWELL S. A. 
Insurgentes Sur 114-314 


COPENHAGEN, DENMARK 
HONEYWELL A/S 
Lergravsve| 57 


TOKYO, JAPAN 


YAMATAKE KEIKI K.K 
3.3 Nihonbashi-Muromachi 


AMSTERDAM, THE NETHERLANDS 
HONEYWELL N.V 
Singel 265 


PARIS 12, FRANCE 
HONEYWELL S.A.R.L 
188 bis, rve de Charenton 


FRANKFURT/MAIN, GERMANY 
HONEYWELL G.m.b.H 
18 Beethovenstrasse 


ZURICH, SWITZERLAND 
HONEYWELL A.G. 





Chuo-ku 


Vedado 


Hoschgrasse 45 
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Motor Driven VARIAC 


Motor-driven 


se . Variacs 


A Number of Motor-Gear Combinations 


Unique and very simple design makes possible quick and econo- 
mical assembly from stock parts, sub-assemblies and motors. 
Standard, fully-enclosed, two-phase, gear-reduction induction 
motors are used. The motor is mounted on a plate which is attached 
to the base end of the VARIAC by means of four corner posts. 
a Gear coupling between the motor and the VARIAC is used to 
VARIAC. Motor and its wiring 


terminal plate attach to motor Simplify alignment between shafts 


oon See as Eliminate phase shifts which are likely with 
(when required) are 

on circular plate on end o flexible couplings 

cabal malian aan ont Provide several drive speeds from each motor 
hub of motor gear which can be 

set to operate micro switches by using different gear ratios 

any desired positions the ‘ 

brush traverse. Capacit 


VARIAC terminal plate. Standard speeds of 2-4-8-16-32 or 64 seconds for 320° traverse 


For Servo Applications motor has simple mechanical stops operate on auxiliary circuit 
low moment of inertia and high an the main drive gear with no stalling VARIAC voltage 
gular acceleration. Internal gear re torques transmitted to the VARIAC Motor-driven 

ducer provides output shaft speed of Both motor and gear trains will with- 


a 

or ganged model 

about | rps stand stalling indefinitely and will take cased and complet 

For Remote Positioning — same servo thousands of full-impact stops without Stocks of the 

motor assembly with different shaft damage VARIACS and 

speed is used. Low moment of inertia At the slower speeds, limit micro drive assembly 

makes possible fast stopping without switches are required. These micro prompt deliveri 

overshoot. Ordinarily, dynamic braking switches also are available for appli Ihe incrementa 

is unnecessary, although it can be pro cations requiring electrical limit means drives fitted to dard ball-bearing 

vided easily if desired for stopping at predetermined VARIACS, varies between $75.00 and 
In high and medium speed models, VARIAC positions, or for operating $81.00, depending upon the quantity 


Write for the NEW Variac Bulletin for Complete Data 


GENERAL RADIO Company saaniididi 
Prices ore net, FOB Cambridge 


90 West Street NEW YORK 6 9055 13th St, Silver Spring, Md. WASHINGTON, 0. C 
1150 York Road, Abington, Pa. PHILADELPHIA 
920 S. Michigan Ave. CHICAGO 5 1000 N. Seward St. LOS ANGELES 38 








LISTING IN GROUPS 


CONTROL 


ENGINEERING 


Designs of the Month 41-50 Control Devices 


~ 


Research & Development 51-57 Power Supplies 
Sub-Systems 58-67 Final Control Elements 
Measurement & Data Transmission 68-85 Component Parts 
Information Display Instruments 86-98 Accessories & Materials 


GEAR HOUSING 


FLEXIBLE 
COUPLING 


UMITING SWITCHES 
TRAVELLING ARM 


SPRING 
ADJUSTING 
SCREW 


THERMISTOR CONTROLLER checks 100 points. 


Shown here are two elements of a new thermistor-actu 
ited temperature controller, the plug-in control unit and 
the power supply chassis. p to 100 plug-in units can be 
mounted on a single chassis. permitting centralized tem 
perature control of 100 remote points Ihe probe(s), not 
hown, can be located up to 200 ft away without increasing 
controller error of plus or minus 1 deg. F. Control setpoint 
can be adjusted on each individual plug-in unit, or on all 
with a master adjustment screw on a multiple-unit con 
troller Miniature thermistor probes, 0.11 im. in diam 

be used where space is at a premium. Change in r 
istance is almost directly proportional to temperature 
hange between 100 and 160 ce g I with nonlinearity com 
pensated for in instrument calibration. Standard prob« 
are i in. diam by 3 in. long.—Fenwal, Inc., Ashland, Ma 


Circle No. 9 on reply card 


REMOTE CONTROL for pressure regulators. 


The regulating system shown here enables an operator 
to raise or lower pressure settings on the regulator from a 
control station 10 or 15 miles away. Principally designed 
for gas distribution networks, the system uses a telemeter 
ing arrangement to spot pressure change A control panel 
it the central station is connected via telephone wir 
with the regulator station. ‘Iwo adjustable limit switch 
on the panel stop the reversible electric motor when 
pressures are too high or too low Between the limits, 
pressure settings are adjusted by a three-position toggl 
witch, whose position determines the direction of the d 
flow to the relays on the central station control panel ul 
ent flow in one direction operates th 
ind flow in the opposite direction operat 
relay. Under normal conditions, the togg] 
neutral position 

\t the control panel a transformer isolates 
ngle-phase current and a bridge rectifier 
de. A 115-volt ac supply is required at th 


tion for the driving motor Approximatel; > min 


required for a pressure change of 250 psi, and mit 


a 4.5 psi change.—Rockwell Mfg. Co. Pittsburgh, Pa 
Circle No. 2 on reply card 
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SELECTIVE SIGNAL SYSTEM calls airplanes. 
I his 


illing receiver, 
Designed to 


hann | th 


new signalling device 
hown at 


climinate 


consist of a digital clecti 
right 


continuous m 


ind a transmitting unit 


nitoring of a radio 
rus 1 
functions as th 

I} mumibs of 
mitter, the 


HrDOTIK I 
bell, 

dial in a telephone 

any om 


CCIVeT pe 
ind the 
tem 


riorms the rin 
is a telephone transmitter 
By setting the 
f 100,000 aircraft on the 5-d 
flash a light in its co kypit 

the receiver operates on 26 vde \n 
tion contre 


( lal tran 
sender can 

1uXila piug 
ground ope rator to « 


in Tun 
} unit enables the 
to mine clectr 


Co.. 


ontrol u 


il functions in the aircraft Bell & Gossett 


Morton Grove, Ill 
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SURVEY METER spots harmful rays. 
health 


radiation, aré 


Industrial 


X-Ta\ 


hazards, in the form of 
potted bi thi 
from other 


gamina and 
low-level 


mode ls i 


rapidly 
urvey It differ: commercial 
that it will measure very-low-energy x-1 with 
level intensities as 6 milli-roentgens/ hi 

the instrument will m« 
low-intensity x-ray beta ray 


new 
mete! 


tolerance 
Manutac 


low-energ' 


low as 
turer claim Sure 


and gamma rays in th 


presence of an imtenss radio frequency held Sensitivils 
ranges of 10, 100, or 1,000 mr/hr may be pre clected 
I'wo energy ranges are 8 to 50 kev with mylar window 
in place and 50 to 2,000 kev with cover plate Size 1 


5 in, by 84 in. by 
Instrument Co 


5 in. weight ke 
Cleveland, Ohio 


than 5 Ib.—Victoreen 


Circle No. 4 on reply card 


FLOWMETER weighs fluid continuously. 


Called the inertial mass flowmeter, this instrument mea 
ures liquid or gas by weighing it continuously as it passe 
through a pipe It i nd to be ideal for 
mount of liquid water in a steam line, the 
in engine oil, and other product 


measuring the 
of froth 
weight is a 


rat rc 


whos Pore 


reliable measure than its gallonage Accurate within 0 
percent, the flowmeter can handle liquids with specify 
gravities between 0.6 and | ind viscosities between 0 
md 24 centiporss Klectrical components are hermeticall 
caled, and the unit weighs only 6 Ib Inertial Instru 


Santa Monica, Calif 


ment Inv 


Circle No. § on reply card 


PROPORTIONING SYSTEM controls 43 feeders. 


This proportioning 
of 43 feeders and provide 


iutomatn tem will control a total 


i printed record of all formula 
Information 1s od 


proportioned numerical « 
formulation, final 


rcce rded by 


and includes formula number, time of 

cutoff pot of each feeder, and other data The panel 
controls a_ three-scal weighing tem with pu h-button 
control and remote indicators for each scal The first 
scale will proportion any 10 ingredients from feeder 
the second, any from 10; and the third, any one from 
10 Electronic controls include material ortage, mcor 
rect weight, and standard proportioning interlock 1 hie 


tem is d 


signed for full-automatic o1 
Richardson Scale Co., ¢ 


emrautomat 


lifton N J 
Circle No. @ on reply card 
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‘ Mere it th... 
a DC Reference Voltage 


That’s Constant 
from -55° to +100°C 

















bs 
Tubeless Constant Voltage Source 
For Measurement & Control Circuits 


Designed to replace the chemical cell and 
VR tube in airborne, laboratory and other in- 
Strumentation, the k-Volt Standard provides 
Constant DC voltage through extremes of 
Operating and environmental conditions .. . 
including ambients as low as —55° and up 
to 100°C! 

Employing no tubes or moving parts, the 
k-Volt Standard is unaffected by position, 
vibration or mechanical shock. Its negligible 
temperature coefficient and freedom from 
hysteresis or switching effect make it applic- 
able as an absolute reference, a constant 
output working supply or a precision voltage 
regulator wherever specifications demand 
highest stability with time and temperature. 
Other important features are: 


@ Small size: 1 ~11/16" x 1-5/16” dia. 
Power drain: less than 1.8 watts 
Life: more than 10,000 hours 
Vibration: conforms to MIL-E-5272A 
Base: miniature 7-pin 
Weight: less than 3 oz. 
Case: hermetically sealed 
Random drift: less than 0.1% over 
1000 hrs, 


Models to Meet Wide Range of Application 
Requirements: The k-Volt Standard is avail- 
able for operation from 26.5V DC, or 115V 
AC, 60 oF 400 cycles; DC output 6.2V at 
1 ma or 10 ma, 1V at 1 ma. Specially modi- 
fied units can be developed to meet par- 
ticular needs, 


for complete specifications 
and performance data 


send for bulletin No. $-128 


* TRADE MARK 


- 
Precision Instruments and Control Systems 
58-15 Northern Bivd., Woodside 77, N. Y. 


~ =, 














216 CONTROL 


ENGINEERING 


NEW PRODUCTS 


RESEARCH, TEST 
& DEVELOPMENT 


NEW PHASEOMETER 


his new phaseometer, mode 1 400-P, 
_ or external 
i digital readout 


requires no tubes, batter 
power and includes 
permitting direct reading within 0.1 
deg. No special equipment is required 
for calibration. Frequency range is 350 
cycles to 15 kc, with an accuracy of 
plus or minus 0.25 deg at 400 cycles 
I'he unit, an 8-in. cube, weighs about 
6 lb.—Winco Electronics, Hawthorne, 
Calif 


Circle No. 7 on reply card 


ANGULAR G CALIBRATOR 


lhe equipment shown here calibrates 
ingular accelerometers for accclera 
tions between 0.5 and 140 rad/sec’ 
It is a torsional pendulum which op 
erates with low decrement sinusoidal 
oscillations and whose period and am 
plitude can be adjusted to suit test 
conditions Ihe calibrator is used 
with a multiple-channel recording o: 
cillograph and a timing-signal func 
tion generator Statham Develop 
ment Corp., Los Angeles, Calif 
Circle No. 8 on reply card 


DYNAMIC FORCE GAGES 


Plastics dynamics testing Dration ¢ 
ble measurement, and cyection mech 
nism transient measurement typil 
the uses of this series of dynamic for 
PA 5 volts represents thi full-scale 
ranges of 100, 500, | 0 and 5,00 


lb Unloaded 


range from 20 to 50 k 


natural frequenci 
iding flat 
frequency response to 5,000 cp 
Effective temperature range is minu 
65 to plus 230 deg Eendevco 
Corp., Pasadena, Calif 


Circle No. 9 on reply card 


PANEL METER 


Believed to be unique in th lectrical 
measurements field, this edgewise 
panel meter has full-scale sensitivity of 
4 microamp. High overload capacity, 
relatively low energy input, and errors 
id to be 
characteristic of the units in the series 

Greibach Instruments Corp., Me 
tuchen, N. J. 


Circle No. 410 on reply card 


to within 0.25 percent ar 


MOBILE CHROMAGRAPH 


New mobile laborator 
imalyzes gases, liquefied gases, and 


chromagraph 


liquids by absorption as well as by 
gas-liquid partition techniqui It is 
completely self-contained and quite 
flexible. Operating temperature can be 
set at anv point from 0 to 275 deg C, 
while carrier gas pressure idjustable 
from 0 to 30 psig A rsed chart per 
mits chromatograms to be read from 
left to right as when manually plotted 

Hallikainen Instruments, Berkeley, 
Calif 


Circle No. 41 on reply card 








t Relays — 


- BXils To disconnect DC generators 
,  : from the batteries which 
they are charging when 


current flows from the bat- 


the one source for : wen gu 
RELAYS 
that offers engineers | ay st 


speed response. “Brushing” 


- "7 ege of control leads — even 
; tive relay operation. Avail- 
able, too, with time delay. 


The designer confronted with the specification of a relay has a genuinely 
unusual opportunity when he discusses his problem with an ASCO engi- 
neer. For the ASCO representative can suggest a relay for use as a unit, or 


Relay 
That handle motor loads 
as a control panel component, and meet the designer's need exact/) : j directly. Simple screwdriver 
adjustment makes possible 
delays from 2 to 6 seconds 
at any standard voltage. Used 
extensively on new brake 
In addition, ASCO lists a highly diversified line of special pur- WRENG MOLE. 
pose relays as standard catalog items 


ASCO offers both magnetically and mechanically held relays — 
both available with up to 12 poles normally open or normally 
closed — in 10 and 25 ampere sizes, AC and DC 


Finally, should any of these relays fail to meet specialized require- 
ments — ASCO will design and manufacture one or more that will 


ferent Relays 
And most important — : y 


Operate on voltage or current 
differential of 2 less if 
make" and ‘break’. Almost unlimited pole combinations mean fewer a“ required, Adjustable drop 


relays in a system — more reliable operation. Adaptability of many proven out is standard. Adjustable 
contact materials, arcing contacts, blowout coils and Class H insulating z ae pick-up is available 
materials to ASCO Relays means suitability for all applications 


For assured performance, ASCO Relays are current and voltage rated 


With this complete flexibility the designer can select a relay that meets 
his requirements, rather than have the relay limit his design. 


There's one source that solves virtually any relay problem — ASCO. 

Why not have the ASCO engineer call — or write outlining your relay 

problem. We'll be pleased to assist you. ha” sabe “Coil-less” type, designed 
to function like a current 
transformer. Load cable 


through relay provides mag 
See ASCO Booth 1615-1616 at the In- netic field for relay operation 
struments Show, New York Coliseum, 
N. Y. C.—September 17th-21st. 


Electromagnetic Controls 


Many application requirements are met and This standard ASCO Mechan 
surpassed with standard ASCO Magnetically cally Held Relay—Bulletin 1256 
Held Relays. For example, the Bulletin 1055 withstands severe shock and 
Relay adapts readily to such specialized con vibration—is used extensively 
trol applications as control circuit transfer for mobile units, central sta 
relays and mechanically interlocked relays tion control units and circuit 
for reversing motors transfer relays 





SELF ALIGNING SHAFT 
linear motion 
potentiometers 


UWS 
ALIGN-0-POT 


highly reliable 
despite misalignment 
of actuating member 


Here is a far-reaching advance in linear 
motion design. This unit allows for misalign 
ment between the instrument and actuator 
eliminating shaft side loads. With no align- 
ment needed, the unit is mounted and 
installed quickly...is easily designed into 
a system 

To insure low noise characteristics under 
extreme vibration, the ALIGN-O-POT wiper 
assembly is supported throughout its entire 
travel by parallel guide rods. This provides 
continuous support directly at the point of 
contact...multiple contacts are used to 
further increase the reliability 


The ALIGN-O-POT has a stainless steel case 
: and a flexible cable with plug connector 
Standard travels are available from 42” to 


642". Other travels can be provided up 


to 36”. The ALIGN-O-POT is fully 
t N I() Vi a bi tooled and in production 
‘ 


a 


high performance 
under environmental 
extremes 


The LINIOMETER has a bushing-supported shaft and 
the same highly reliable internal construction as 
the ALIGN-0-POT ~for use where the self-aligning 
feature is not applicable. Small cross-section and 
optional mounting configurations are added fea- 
tures of these units. Available in standard travels 
from ¥2" to 642". 


the complete line of linear motion potentiometers 


Bourns offers a wide selection of standard instruments for any need 
from Ye" to 36” travels —all built for maximum reliability and optimum 
performance. Bourns will work with you on special requirements 
Write for technical literature. 


Praace MARK 


OURNS LABORATORIES 


General Offices: 6135 Magnolia Avenue 
Riverside, California 
Plants: Riverside, California—Ames, lowa 
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NEW PRODUCTS 


DC AMPLIFIER-METER 


Basically 1 high-r tan 

meter, this unit mdi 

rent, and resistan 

md can accommod 
der at the output t 

mentally, the 

cathode follow 


warm-up 1 
Mh hy Por 
ipprox matci 
provided with gua 
in be grounded opt 


Radio Co., Cambridge, Ma 
Circle No. 412 on reply card 


HIGH POTENTIAL TESTER 
Intended for high me 


i 

lip-ring assemblic 

tubes, synchros, and motor is im 
trument successively energizes each 
electrode of the pecimen at high po 
tential with respect to the other clec 
trode This non-destructive tester 
feature in applied le Itage 
idjustable between ( lt 
vhose duration 

Theta Instrum 


mn N J 
Circle No. 13 on reply card 








Just set the knobs at top of instrument for the desired range 
and zero, and this AZAR recorder is adjusted to your exact 
specs spreads any millivolt value from one to twenty across 
the full chart width, for measuring Force, Weight, Temperature 
Speed, Voltage or any condition which yields an electrical 
recorder signal 


COMPLEX 
ROCKET-TESTING 
ROUTINES 





by Speedomax” adjustable-zero 
adjustable-range Recorders 


® Rocket engine development at Bell Aircraft 
Corp., of Buffalo, N. Y. involves several unique 
instrument requirements. The nature of rocket 
combustion problems demands highly versatile in 
struments .. . instruments that can be dial-set to 
meet a wide variety of new test conditions. Further 
more, the instruments must also simultaneously 
record a combination of motor parameters. The 
highly flexible Speedomax adjustable zero adjust 
able range (AZAR*) Recorder provides Bell with 
just the right instrument combination for speedy, 
accurate test results. 

Data for use in the engineering, designing and 
testing of rocket motors are obtained from pressure, 
temperature, force and flow measurements. Ele« 
tronic transducers provide a d-c voltage propor- 
tional to the quantity measured; this signal is 
relayed to the AZAR Recorders through the patch- 
ing network located in the center of the panel. 


Various types of primary elements are used 
because of the extreme ranges encountered. All 
recorders are read in millivolts and converted to the 
measured quantity during data reduction. Adjust- 
ment of the range and zero makes it possible to read 
any pre-selected portion of the instrument scale. 

Duplicate information is relayed to remotely 
located consoles for the convenience of engineers at 
the test stands. This is accomplished by electrical 
signals fed from the retransmitting slidewires of the 
recorders. Jog pen (used at Bell for time correlation 
between machines) and other accessory features to 
meet individual requirements can be incorporated 
in the versatile AZAR Recorder 

A general description of this instrument is avail- 
able, and will be especially useful if you can describe 
to us the nature of your recording problem. Contact 
our nearest office or write 4918 Stenton Ave., 
Philadelphia 44, Penna. 

* L&N Trademark 


NE ET 
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i lig system 


Schematic of Coordinated Variable Speed System 


FIXED FREQUENCY 
SUPPLY LINE 


OUTPUT OF 
ALTERNATOR 


VARIDYNE 
POWER UNIT 


ALTERNATOR 


you can obtain 


VARIABLE OUTPUT SPEED 


VARIABLE FREQUENCY 


RPM OF 
VARIDYNE MOTORS 


example 4-pole motor 


In this conveyor of 
the Dolly Madison 
Plant of Interstate 





variable speed from 


Bakeries Corpora- 
tion, a baker's dozen 
drive motors are used 
~13 U. 8S. double- 
reduction gearmotors. 





AC squirrel cage 


motors 


All are controlled to 
matched speed from 
the power unit. 








The principle of Varidyne is based on the fact that 


AC motors operate at a speed proportional to the 


frequency of applied power. As shown in the chart 
above, a 4-pole induction motor which normally oper- 
ates at 1800 rpm on 60 cycles will operate at 900 rpm 
at 30 cycles, or 3600 rpm at 120 cycles. Because 
power lines operate at fixed frequency, AC motors 


WHaT 


By the use of simple AC induction motors at the 
point of power application, Varidyne now provides 
the simplest and most dependable variable speed, 
multiple drive system obtainable. Motors of different 
speeds or types can be used in the same system and 
will change speed proportionately. Single motor sys- 


operate at fixed speeds. The Varidyne system con- 
verts the fixed line frequency to a variable frequency 
by means of a Varidrive and alternator combination 
(power unit). This variable frequency is used to 
power one or more AC induction motors which then 
can be controlled simultaneously by regulating the 
power unit. 


ne CAN DO 


tems can be supplied for applications with limitations 
of space, weight, temperature, vibration, etc. The 
rugged AC motors and circuitry of the system insure 
long trouble-free life, which reduces maintenance 
costs and eliminates special training for maintenance 
personnel. 


_ Sqvauiean LOAD DISTRIBUTION automatically ACHIEVED 





i o 








a simple means for 


simultaneous speed variations 





TANDEM MOUNTED ~The above 
ple demonstra “ or are & 
motors d 





veyor. An importan feature is ‘the 
distribution of load between the 
motors. 


peak, MACHINES WITH PROPORTIONA 
~ Two or more machines or 


pe be driven at same 
“5 * a speae ty =. 


\ 


/ 
> =~ » 
VARIABLE SPEED MULTIPLE DRIVES CAN NOW [> 9: Ps ib 
al ad 
BE COORDINATED AND automatically CONTROLLED 


Varidyne may be furnished with Vari this new multiple drive system to be 

trol pneumatic control, which operates enthusiastically received throughout . 

automatically in response to a signal the nation. U. S. field engineers are pre SPECIAL CONDITIONS—One or more V: 

from the process or operation. The pared to give counsel and special service dyne induction motors meet 

trouble-free operation of many Vari in applying Varidyne to meet your spe conditions such as restricted epace, 

dyne systems already in use has caused cific application limitations, envi haz- 
etc., at the point of power applica- 


VARIDYNE OFFERS WIDE SELECTION OF MOTOR TYPES 


em. 
—_ 


; 
, 


Selection of enclosure and speed range higher. Varidyne motors can be pro 
of Varidyne motors driven by the cen ided with integral gearing or with in 


tral Varidyne Power Unit is practically tegral variable speed transmission for INDIVIDUAL DRIVE SPEED ADJUSTMENT — 

unlimited, including drip-proof, totally peed trimming. Varidyne motors can Varidyne motors with individual vari- 

enclosed and explosion-proof designs be furnished from to 25 H.P at maxi able trol can be used for trim- 

Speeds of from 1 to 10,000 rpm are mum RPM. Power Units 1 to 50 H.P ming the speed within a system. The 

available in ratios of up to 5:1 and connected load speed of the entire system can then be 
controlled simultaneously. 





, Send for free Varidyne bulletin 


U. S$. ELECTRICAL MOTORS Inc cot” 


P.O. Bex 2056, Los Angeles 54, Colif., or Milford. Conn 
NAME 
MOTO ee eee — 


ADDRESS 





city 

















The Critic Of Critical Angles 


Test fixture reveals any I THE PROBLEM: to check the position 
errors in optical mounts of optical elements when mounted in 
i 


: ; an instrument. 
The picture above illustrates a solution || Mounting error in angularity to be 
in which the test fixture seems to be a || Checked in two planes, azimuth and | 
complicated, specially designed appa- elevation in increments of 1 degree. 


: : Accumulated error over the entire range 
ratus. It is, however, just a multiple || could not exceed +3 seconds. Total 


application of standard Davidson range of the instrument whose elements 
D-600 auto-collimators and divided were being calibrated was 60° azimuth 
circles on a stable base. and 40° elevation. 

THE SOLUTION: Davidson built a 


Davidson engineers, optical and test fixture to hold the production run 





mechanical, are well qualified to meet || instruments exactly during inspection 

any problem you may hand them in The fixture also positioned two David- 
- lim 

precision measuring. son D-600 auto-collimators and two 


Davidson optical reference mirrors in 
Davidson's splendidly equipped and | correctly calibrated angles in relation 


: . : to the instruments being checked. By 
integrated plant (the finest in Western use of optical lever principles, multiple 


America) can produce any precision || refiections from the test specimen in its 
instrument or optical element in mounting, together with its reflected image 


quantity. in the reference mirror, were compared | 

in the two auto-collimators (one for each || 
In the fields of measurement, photog- | plane). l 
raphy, astronomics and missile track- | Errors in the mounting of the test speci- | 


men were thus magnified by a factor of | 


ing ) av ave a ras re . » 
ing, Davidson may have a ready-made two giving easier readout and correction. 


solution for the problem that faces you. | 


The Most Accurate Measurement Is Made With Optics 


The Worlds of 


tomorrow are V4 — and the most accurate and 
reached only é 7 
through optics versatile optical instruments in 


at this country are designed and 
) wholly built by — 





DAVIDSON MANUFACTURING COMPANY 


2223 RAMONA BOULEVARD, WEST COVINA, CALIFORNIA, U.S.A. 
Telephones: EDgewood 7-7281 . Cable Address: STARDE 
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NEW PRODUCTS 


POWER GENERATORS 

Four models of electronic power gen 
erators are available in fixed frequen 
cies OF frequen ies variable to within 
plus or minus 5 percent of nominal 
frequencies. Parallel-l feedback am 
plifier keeps frequency drift below 0.5 
percent. Distortion is 0.5 percent at 
50 va and 2 percent at 100 va. Out 
put voltage is continuously adjustable 
from 90 to 130 volts. Standard nomi 
nal frequencies are 400, 1,000, 1,600, 
and 2,000 cycles; any output fre 
quency can be specified l'rio Labo 
ratories, Inc., Wantagh, N. Y. 


Circle No. 14 on reply card 


OOo 





ON OVERLOAD 






S*N DIEGO + CALIFORN'S 
{ 
100 200 





70 


‘ © Gam 1000 _ 


~y 


DC DECADE AMPLIFIER 


This broadband de amplifier has 10 
feedback-controlled gain ranges from 


20 to 1,000, featuring gain error les 
than plus or minus | percent and drift 
of plus or minus 2 microvolts. Input 


impedance is 100,000 ohms and out 
put impedance less than | ohm. Fre 


quency response is plus or minus 0.3 
db to 10 ke and less than 3 db down 
it 40 ke. The amplifier is suitable for 
transducer measuring tems and gen 


eral laboratory work Kay Lab, San 
Diego, Calif 


Circle No. 45 on reply card 














FOREMOST 


IN FINAL CONTROL ELEMENTS 


ADORESS 


city ZONE STATE 


Warren H. Brand, Vice President in Charge of Research and Engineering, shown 


with members of his engineering staff working on a customer service problem 


CONOFLOW 


Practical engineers insist on quality. Therefore, when it comes 
to final control elements, they insist on Conoflow. The engi- 
neering team at Conoflow is second to none in the field. 
Beyond experience and inventiveness they have an eagerness 
to serve every customer in a friendly and personal way. You 
get young-company vigor with big-company facilities when 
you turn your problems over to Conoflow. 


Here, too, there are no shortcuts on materials and workman- 
ship. “The best there is’ goes into every control valve, power 
actuator and pneumatic regulator Conoflow turns out. You 
get top quality at a competitive price. 


Insure yourself for quick, dependable follow-through .. . Invest 
in an extra measure of quality and service ... call Conoflow— 
today! 





a 


VISIT OUR BOOTH 


INSTRUMENT-AUTOMATION SHOW 


Sept. 17-21 New York Coliseum 
and see... 


ALL ELECTRIC 
VALVE ACTUATOR 


LTC CONTROL SYSTEM 
FOR PRECISE POSITIONING 
OF LARGE CYLINDERS 
ELECTRO-PNEUMATIC 

VALVE POSITIONER 


Also Regular Product Line 


Qualified Representatives in all principal cities 


SUBSIDIARY 


CORPORATION 


OF WALWORTH COMPANY 


2100 ARCH STREET ®@ PHILADELPHIA 3B, PA. 
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Ask for our 


Technical Bulletin P-9, 


“STANDARD 
Printed Circuit 
TOLERANCES.” 


@ 





EXCLUSIVELY PRINTED CIRCUITS 
and Associated Sub-Assemblies 
ADVANCED TECHNIQUES & RESEARCH 


MAXIMUM EXPERIENCE 
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NOW, after five long years of production ex- 
perience on well over 5000 different purchase 
orders, we are proud to offer you this technical 
bulletin. We are confident that you will accept 
this material as the standard of the industry! 
Every item in this bulletin has already been 
adopted in varying degree by the larger well- 
known electronics manufacturers. 


The present state of the “printed circuit” art 
dictates (and our experience has proved) that 
DESIGNS BASED ON THESE STAND- 
ARDS ARE THE ONES THAT STICK! 
These standards are practical and realistic, 
not experimental, not based on laboratory 
techniques, but sound bases to incorporate in 
your purchasing, engineering and production 
manuals. Furthermore, their cost stays down 
where you want it! 


Your own product reliability can be based 
on and guaranteed by the use of Printed Cir- 
cuits by Photocircuits Corporation. 

Consult our Engineering Department or any 
of our Sales-Engineering Field Offices. 


Photoeircuts 


€e@ermesé R 


Dept. CES, GLEN COVE, NEW YORK 


Glen Cove 4-8000 Flushing 7-8100 
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TORQUE-GAGE 
Low torque for both clockwise and 
counterclockwise rotation can be meas 


ured with this single direct-reading in 
strument. ‘T'wo linear scales, of dif 
ferent colors, ar spread over 300 deg 
on a l-in.-in-diam watch face. Ranges 
of 0.1 to 1.2 oz-in. are standard; special 
ranges are available. Error is within 5 
percent of full scale. The unit, 14 in 
in diam by 36 in. long, weighs only 
7 oz. Jacobs chuck fits all shafts up to 
} in. in diam.—Waters Mfg., Inc., 


South Sudbury, Mass 
Circle No. 16 on reply card 





DIGITAL VOLTMETER 

This four-digit ac-de digitalvoltmeter 
automatically measure ic voltages 
with 0.1 mullivolt sensitivity. Range 
is 0.001 to 999.9 vde and 0.0001 to 
999.9 vac; range switching is auto 
matic on de and manual on ac. D« 
accuracy is plus of minus | digit, while 
ac accuracy is 0.1 percent of full scale. 
Frequency response is flat from 30 to 
10,000 cps at 10 megohms, 20 mmf 
Stability is 0.01 percent between 40 
and 120 deg F. Readings take 2 sec 
on ac, | sec on de; they are presented 
in inch-high numerals and can be re 
corded by printers.—Electro Instru 
ments, Inc., San Diego, Calif 


Circle No. 417 on reply card 








ELECTRONIC ANALOG COMPUTING COMPONENTS 


FOR SYNTHESIS & ANALYSIS, PLANNING & PLOTTING, PROVING & IMPROVING 
GAP/R Modular Components give remarkable flexibility of structure and application 
They adapt winningly to every size of project and budget, and to all operating speeds 












COMPARE MODEL MK 


COMPARE 





















The 
Model HK 


anifold offers 


PS e * Gulations “of great variety. 
r + e Very rapid to connect and to 
use, this versatile unit is a 
computing center in itself, 


Model RK 


Power Supply 
mium trans 
inductors, plus 

igh-stability regulat- 
ing circuit. Capacity of this 
Supply is sufficient for 4 of 


MODEL RS - 
the above Model HK. 


“~ 





The Model K2-W 
Operational Amplifier is an 
octal-based plug-in unit 
which will serve as nucleus 
for accurate feedback func- 
tions. It has differential in 
puts, high DC gain, and 
useful bandwidth over 100 
KC. Other models include 
the K2-X, which puts out 
* 100 V and more power 


The Model K2-P 
Stabilizing Amplifier, used 
in tandem with the above, 
provides long term DC sta 
bility measured in micro 
volts. It installs directly in 
the HK Manifold or in 
other environments. We 
also manufacture dozens of 
other useful plug-in units in 
this unique package 


THE K3 SERIES OF COMPUTING COMPONENTS 


The Model K3-A Adding Component accepts 
from one to 4 input voltages, and supplies 
both plus and minus their instantaneous sum. 
An adiieive constant may be set in manually. 
All signal inputs and outputs are at the front, 
and power is simply plugged in at the rear. 
At the right is shown a utilizing system. 


The Model K3-C Coefficient Component mul- 
tiplies its input voltage by an adjustable con- 
stant, and gives outputs which are positive 
and negative versions of the instantaneous 
product, The scale shows unity (the most 
likely scale-factor) at the center, and sets 
readily down to zero and up to infinity 


The Model K3-B Limiting Component permits 
the input voltage to be passed on directly to 
the output whenever the input is within ad- 
justable positive and negative bounds, but 
otherwise holds the output fixedly at the 
bound last exceeded. Such nonlinearities are 
readily analyzed with these handy tools 


The Model K3-} Integrating Component com- 
putes plus and minus the time integral of 
the input, at selected rates. An input is avail- 
able for clamping, to set the starting point. 
This unit serves, like our others, for fast or 
slow operation. In this same modular form, 
we offer 10 other fundamental types 





Model MU 


Component 
independent 
cts, and will 

rm division. It 
andles signals of both po- 
larities, from DC to above 
15 KC, with accuracies to 
WU% or better. 


Model FFR 


Generator provides 
iendently adjust- 
Bhi line segments 
' able quadratic 
rounding at each break 
point. Minimum set-up 
time when output is dis- 
played on Electronic Graph 
Paper. 










































































GAP/R 


numerous 


analog needs. 
SPECIAI 


equipment may 
engineered for new 
or unusual applica 


tions. 
ADVICI 


cooperative 


STANDARD 
products are too 
for 
single page. Includ 
ed are accessories 
to fulfill all your 


is available on how 
our methods may 
be applied to your 
problems, Our staff 
is experienced and 
knowledgeable and 






The Model CS Centra! 
Signal Component provides 
SEE ALSO stimuli programming 
MODEL CR commands for automatic 
BELOW repetitive computing. It sets 
initial conditions, and 
checks all calibrations 


SCALE 


VOLTAGE 





0 1 20o MW 40 


©, COMPUTING TIMI 


ELECTRONIC 
For repetitive Analog solutions, 
of display enables simultaneous plotting, to 
high precision, of many concurrent variables 
Calibration is automatic for time and voltage, 
and is proof against all oscillographic errors 


GRAPH PAPER 


this method 


For normal time-scale a variation 
of this method is directly applicable. Known 


purposes, 


best for High Speed, GAP/R methods are actu 
ally Pan-celerative 





tral Re 
sponse Ment accepts 
timing data from Model CS 
(above), and up to 8 signals 
for display; it generates the 
calibrated graphical display 


(as shown) for any ‘scope 


A 


be 






COMPLETI 
RACK ASSEMBLIES 


George A. Philbrick Researches, Inc., 230 Congress St., Boston 10, Mass. 
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dy From Pilot Plant to Process == "Or *'*tic mst 
~ \ pitot-static tester, used by the Au , 
“ ” | iT 5 1x \« ' mw 
Y ¢ “BANTAM” 500 SERIES + ce for the last six has now 
' Throttling “Bantam” Diaphragm Control cn put on the commercial market 
~™~Y oO Valves for all standard control valve uses, This ‘ portable laborator tests the 
~ Ve) Cy of 0.6 and below, up to 1000 psi and pitot and static tems of aircraft for 
Y = See *, chaventertoed, vongwattle wim, 316 leakage on the flight line and also . 
= stainless steel and teflon only wetted sur- lil . ial 
. faces, low in hysteresis, size and weight, checks and calibrate I ight : mstru 
“ a modern design of control valve. 2000 ments. Entire unit weighs 23 Ib 
: series ‘‘Bantam’’ Control Valves available Aircraft Products Co., Bridgeport, Pa 
s for on-off service 
= Circle No. 18 on reply card 
- 
WM 3 
® 
WY 
» 
- TUBE AND PIPE CONNECTORS » 
E For use in such systems as aircraft 
rf or marine applications where 
“a weight is a factor, these connec 
— tors replace standord flanges 
° Available in various materials, in 
U male or female socket or butt 
_ 4 weld design, for tubing, and up 
5 to schedule 40 pipe 
> 4 “DEMI" PACKLESS VALVES 
For services when packing is a problem, mani- . 
> folding of small valves in one unit, these low 
v cost valves have a great popularity. For services 
Zz up to 1500 psi ond 500°F., screw, toggle, « 
. diaphragm operated, the “Demi” line is ideal 
—_ for panel mounfing up to five valves in one 
a block 
ak ; 
By ANALOG COMPUTER 
od Many linear and nonlinear computing 
clements and special function genera 
© tors can be used with these general 
S purpose simulators, which give solu 
wf WHIFFLETREE OPERATOR» Hons up to 50 times pe econd, al 
x Two valves operated simultaneously by lowing the changing of paramete1 
5 one opereter. Valves may be globe rs! with continuous observations One 
three-way and have a multitude of 
U piping arrangements for mixing and computer will solve sixth-order prob 
z c routing applications fi lems: the other will handle twelfth 
bs 2 \ — order problems Overload indicators 
S » give warnings of clement saturation 
E [a 4 MANUAL RESET ‘The master generator supplies timing 
oO \ ‘ Wherever control air on dangerous or toxic dots and calibrating voltage within 
s> = . | fl t be blocked f fet 
2 ee ee ee ee ae ee 0.1 percent GPS Instrument Co., 
< i — on air failure until manually reset, these \ 
2 ine valves insure against disaster. Standard Boston, Mass. 
VAL Wn 
d 1.P.S . 
5 —— oe Circle No. 19 on reply card 
E 
2 
— 
- 
vi 
= MOLECULAR STILL 
Q. re) \ low priced laboratory centrifugal 
5 molecular still simulates, on a_ pilot 
4 SAUNDERS VALVES — AIR OPERATED , plant s¢ ale, the distillation obtained 
o Plastic valves, 2’ and below, metal valves | 1 still Listill 
c and below, G. W. Dahl Company, Inc. dia in costly commercial still ‘ illands 
© phragm operators on these valves provide ire evaporated almost instantly at pre 
- simple, sure automatic operation. Each ap ures as low as 1 micron Hg and at 
£ plication must submit full flow information kK mper ature up to 260 dee C. Sam 
Write us for complete technical information, or the address pl » of 1 to 5 gal can be distilled at a 
MN of our representative in your area. rate up to If gph. Now used for 
Yy a3 product quality checks, it can also be 
applied to purification, distillation, and 
‘ isolation problems Consolidated » 
; : Electrodynamic Corp Rochester 
a N. 
BRISTOL, RHODE ISLAND ae ’ 
: Circle No. 20 on reply card 
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another example of precision synchronization... by VICKERS 


PRECISE SYNCHRONIZATION OF 
AUXILIARY ALTERNATOR WITH 
POWER DISTRIBUTION LINE 


assured with the 


ICKERS 


AUTOMATIC 
ALTERNATOR 
SYNCHRONIZER 


% 








A leading manufacturer of diesel-driven auxiliary power generating 
equipment achieves precise synchronization of the alternator with the 
main power line when paralleling with the use of Vickers Automatic 
Alternator Synchronizers. 

The Vickers synchronizer automatically 

e Matches the frequency of the alternator to that of the main 

power line to within ¥, cycle per second by controlling the 
diesel governor. 

e Closes the circuit breaker which parallels the alternator with the 

line at the instant of phase synchronization by means of a phase 


detector and anticipation circuit. 


Free of vacuum tubes, and with a minimum of moving parts, Vickers 
automatic synchronizers utilize static magnetic amplifiers for trouble- 
free performance under adverse conditions with little or no maintenance. 


y Other Applicat 





n/ {.) Like 
WJ =2.0f ad ee 


AIRCRAFT CONVEYORS TRANSFER 
PROPELLERS MACHINES 


Vickers control engineers will work with you 
in solving your synchronization problems. 


VICKERS INCORPORATED a unit of Sperry Rand Corporation 
1805 LOCUST STREET . SAINT LOUIS 3 MISSOURI 
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R.C. Allen NEW PRODUCTS 


high precision damped 











? 
RANDOM NUMBERS 
This device generates random num 
bers at the rate of 10 per se In 
In production NOW at moderate cost - “— “4 ee mr digital compute 
i Will l acsirec prin ] ou pu On 
Prototypes For Evaluation To YOUR tape or punched cards. It « an qeaee 
Specifications Sent On Consignment. veer owen sdeage "97 is - 
urLOn mmcnsion ire in. Wide 
in. high, 14 in. « » Lovola 
EXPERIENCE Laboratories, Los Angeles, Calif 
R. C. Allen has produced over 70,000 gyro instruments during the Clecle 0 ' 4 
last four years. Thirteen years instrument experience. velo No. ZA on reply car 
AVAILABILITY 
R. C. Allen damped rate gyros now are in production in a new 
plant with additional capacity. 
PERFORMANCE 
R. C. Allen damped rate gyros require no heater for damping 
from .2 to 500 times critical, with temperature compensation 
through a range from —55°C. to +80°C. 
CHARACTERISTICS 
Can be furnished to meet varied requirements. Meets environ- 
mental conditions specified in MIL -E-5272A. 
BASIC SPECIFICATIONS 
DIAMETER: 1%"; LENGTH: 3%”. OUTPUT VOLTAGES AT MAXIMUM INTERFEROMETER 
MOUNTING FLANGE: 1%” square. TURN RATE: As high as 10V RMS. 
werout: 0.8 lbs. : ‘ Capable of measuring absolute di 
Gyro Motor: 400 cps (26 or 115 pee RATES: 0.25 rad/sec. to 7 se ‘ee a a x 
volts) ; 2 or 3 phase. ra sec. pracemen S aown 0 Mmucnrom, till 
pickorr tyre: 6 Pole Induction. SHOCK & ACCELERATION: Will with- | self-contained interferometer operat 
PICKOFF EXCITATION: 26 Volts, 400 stand 100 G. | on the Fabry-Perot principle, and em 
cps. | ploys the fringe disappearance tech 
nique. Displacements with frequenci 
FOR INFORMATION of 500 to 25,000 « ps are measur d with 
about R. C. Allen indi- in error of about 6 percent. Its prin 
cating rate gyros, twin ’ , : cipal application is calibration of 
pple roa Faget R.C. Allen Business Machines, Inc. crystal-type vibrators, particularly pic F 
rate gyros, or turn and Instrument Division zoelectric types.—Gulton Industrie: 
bank indicators, or for 687 F wc Ratti Midian Inc., Metuchen, N. ] 
prototypes on consign- ront Ave., N , Grand Rapids, re 
ment, write, or phone, Circle No. 22 on reply card 
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HYCON EASTERN 


Integrating the electronic computer with its opera- 
tional environment is a problem of growing importance 
and increasing technical complexity. At Hycon Eastern a 
group of scientists and engineers is supplying many of the 
missing links between the computer and its data sources, 
Assignments undertaken for industry and government 
include: 


Design of wire communications systems for cross- 
country computer linkages using digital switching 
and storage techniques 


Design of systems in which computers “talk to 
each other” over radio circuits using advanced 
techniques of information theory 


Hycon Eastern brings together a diversity of technical 
skills from the fields of computer design and application, 
communications, and control engineering that is contribut- 
ing to advancements in the art of Control Systems Engi- 
neering. Hycon Eastern also develops and manufactures 
special purpose computers and control systems both digital 
and analog for industrial and military use. 


For further information about the assistance Hycon 


Eastern, Inc. can provide in the solution of your Systems 
Design problems, write to 


Director, Digital Systems 


HYCON EASTERN, INC. 





75 Cambridge Parkway Dept. J9 Cambridge 42, Massachusetts 
Affilicted with HYCON MFG. COMPANY, Pasedena, Californ 


a 
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tolay |) an ae Types 


STANDARD UNITS ROTOR : STATOR 


SYNCHRO FUNCTION | CPPC TYPE | Input input §=Ohms Output Sensitivity |Output Sensitivity inpui input input Ohms 
1V. 406cy Amps. Watts (DC) (MV/deq.) Volts Amps. Watts (OC) 


| 

Torque Transmitter CGC-8-A-7 26 
Control Transformer CTICBAl| 26 
Control Transformer | CTC-8-A-4 
Control Differential | COC-8-A-1 
Electrical Resolver CSC-8-A-1 


Torque Receiver CRC-8-A-1 | 





STANDARD UNITS ROTOR STATOR 


SYNCHRO FUNCTION | CPPC TYPE | Input Input input Ohms Output Sensitivity Output Sensitivity input input taput Ohms 
|V.400cy Amps. Watts (OC) Rotor (MV/deg.)! Volts (MV/deg.) Volts Amps. Watts (DC) 


Torque Transmitter | 666 10-AS-4 F 160 } } 18 ac 
| @) Control Transtormer.| C1C-10-AS-1 y j 26 50 8 206 
' 
z S | Z E Control Transformer | CIC-10-AS-4 | 23.0 | 


Control Differential | COC-10-AS-1 | 3 } 11.8 a 

Torque Receiver CRC-10-AS-1 26 “ f 3 - - 18 y 11.8 Y. Transmitting Stator 
Electrical Resolver CSC-10-AS-1 | 1-26 

Vector Resolver CvC.10-AS | 1-26 


Vector Resolver | CWO-10-AS-1 | 1-26 





STANDARD UNITS ROTOR STATOR 


SYNCHRO FUNCTION q Inpet ‘ Output Sensitivity = Sensitivity Input input input Ohms 
Watts Rotor . (MV /deg.)} V (MV/deg.) Volts Amps. Watts (DC) 


. aR Torque Transmitter 
b Control Transmitter 
S | Z E : Torque Transmitter 
Control Transformer 
Control Transformer 
Control Transformer 
\ 
H Control Differential 
perane Sencar , _ é 206 11 8V Transmitting Stator 
Electrical Resolver 2 | 6 ; , 12.6 094 


26 


ras) 


Vector Resolver l 26 100 6 





STANDARD UNITS ROTOR STATOR 


SYNCHRO FUNCTION! CPPC TYPE! tnpet japut faput Ohms Output Sensitivity) Output Sensitivity input input inpet 
V.400cy Amps. (DC) Rotor (MV/deg.)| Volts (MV/deg.) Volts Amps. Watts ( 


Torque Transmitter | co 15-D-1 2 A 11.8 20 - 

S | Z bE ; Torque Transmitter r 5CX4a } ? “ ‘ ‘ this Unit Weighs 174 gms 
Torque Transmitter | 6-15-MS-1 57 55 15 Thes Unit Weighs 174 gms 
Control Transmitter CG-15-0-4 2 ( 5 2 - 
Control Transformer | CT-15-0-1 2 ) d } Z 195 118 125 24 
Control Transform e| CT-15-D-4 4 3 ) _ 18 2 6 
Control Differential | CO-15-0-1 118 125 

oe Torque Receiver | CR-15-0-1 2 2 11.8. Transmitting Stator 

Electrical Resolver CS-15-0-1 


/ Vector Resolver Cw-15-0-1 


CLIFTON PRECISION PRODUCTS 


Pr | © WN 4H: & foe UU, 











of SYNCHROS 


IMPEDANCE 


20 
$4+ 260 
220+-j740 
508 + ;1680 
38+ 5122 
280+ )600 
54+-|260 


Phase Shift Nulls Possible § Length 
RS SR (MV) «Error = Spd. in inches 


2rss 
16.4+j19.6 
246-+-j60 
640+ 190 


486+ 13.8 


s° 


70-+j136 
85.1+-j20.4 


* Extreme Reliability * Light Weight 

* Highest Accuracy * Tight Coupling 

* Environmentally Qualitied * Low Nulis 
* Low Phase Shitt * High Torque 


* Matched impedances * Low Friction 


Ze Ins 
29+j165 +42 474516 
206 + j756 28+-j122 2344-j81 
910+ j2770 126+) 945+ 4325 
52+ j152 
57+ 5289 134 
262+-j650 39+ j156 
109+ )460 39+ 108 


177 +-j62 91+ 5143 


IMPEDANCE 


Zrss 
244 +j2 27.8+j13.6 
484313 12+ j55 4844-5225 
405-+-j2700 5+j24 49.6+j21 
97 +422 5+j71 81+j40 
100 + j620 19+j100 
390 + 51650 60+ j275 320+ 5163 
144-567 17 +66 
40+ j260 10+440 49.8+-j21 
130+ 4500 28+-j130 126+j43 | 
1+)4 36 + 5260 


IMPEDANCE 


14+-j110 

163+-)1690 175+ 894 

163+-j1690 + 894 

36+j270 +44 40+j23.1 
80-+j490 + j80 74+ j50 
360 + 1870 +4320 338 + 5203 
22 +80 + 80 27+ 513 
36-+j270 +544 40+j23.1 
110-+)520 23+ 120 


1100-+)6300 +j1600 1181+ j602 





Walls Possible § = Length 
(M 


v Erros = Spd. in inches 





Nalts Possible § Length 
(MV) Enror Sod. iminches 


1 600 
1.600 
1.600 
1 600 
1.600 
1.600 
1.640 
1 600 
1.640 


1.600 





Nulls Possible = Length 
(MV) Error «Spd. in inches 


10 





COMPANY, INC. 


EN NA 





a 


Low Heat Rise * Early Delivery 


. 


Special Units * Cost No More 





large "umber of 
Cial Order in 


NAVY BuOrd SYNCHROS 


Contact Clifton Precision for standard Navy 
BuOrd units. If your specification reauires 
conformance to BuOrd drawings and your 


system can take advantage of exceptional 


OS HE+B a. 


8 accurac y, CPPC can hold extra close error 
) spread and accuracy tolerances. See 


CG-15-MS-1 in the tables 


PRECISION RESOLVERS 


Precision Computing Resolvers with func 

tional accuracies of the order of 1% and a 
transformation ratios |:1 are currently be ent 
ing constructed in the size 15 class for oe 
special applications. Contact CPPC for ai 


applications involving the use of Precision 


Resolvers in all sizes 







































NEW PRODUCTS 


Precision Engineered 


P= Relays 


aa 
4 fora 


: - a 
oA r METERS 


watt range of Thi compact 14-in. panel meter 1 


iid to give readabilit equal to 0 


a COOL-RUNNING better than that of conventional 24-in 
requirements ‘ round instruments. It pla tic case af 
, . fords shadow-free illumination from all 


ingles, and its threaded ring-mount 

implifies installation. Large numerals, 
° long pointer, and good scale length 
contribute to the high readabilit 
Marion Electrical Instrument Co 
Manchester, N. H 


Circle No. 










INTERLOCK 
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SUB-SYSTEMS 





SUPERVISORY CONTROL 


Here is a supervisory control system 
designed to provide reliable and eco 
nomical centralized control of pipeline 
pumping stations, off-shore petroleum 
gathering installations, power plants, 
ind railway systems. Design feature 
include “building block” packaging to 
permit custom design and flexibility; 
automatic alarming and memory ci 
cuit; and fast selection and operation 
I'he unit shown will serve four remot« 
points, but units with ultimate ca 
pacities of 25 and 50 points are also 
available. Equipment mounts on a 





19-in. relay rack and can be ope rated 

from any 48- or 125-vde supply . 
Motorola Communications & El 

tronics, Inc., Chicago, II 


Circle No. 24 on reply card 
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How to Build a Low Cost Program Controller 


No. 8 of a Series 








The problem was to develop an im- 
proved method for crystallizing fatty 
acids. Engineers at Fred S. Carver 
Inc., New Jersey, needed a means of 
changing temperatures automatically 
at various scheduled times during the 
process, which required temperatures 
ranging between 130 and 20°F with 
certain retention periods and closely 
controlled rate of change between 
each temperature. 


How Fenwal Helped Solve 
the Problem 


The controller was built around 
two Fenwal THERMOSWITCH® units. 
One unit to control heating circuits, 
the other unit to control refrigeration 
circuits. The programming action is 
supplied by a rack-and-pinion ar- 
rangement. It resets the temperature 
setting screw of the control THERMO- 
SWITCH unit as directed by an elec- 
trically-driven programming cam. 
The arrangement is used to control 
test runs to eight days’ duration and 
produces a controlled rate of change 
of 1°F in four hours. 


THE PROCESS CABINET shown here is a 
modified 18 cu. ft. refrigerator containing 
auxiliary cooling plates and heating ele- 
ments. Each circuit is controlled by a 
cartridge-type THERMOSWITCH unit. 


The adjusting screw of the THER- 
MOSWITCH unit used in the process 
cabinet above is normally '-in. long. 
In this application, however, the 
screw is extended to the outside of 
the refrigerator wall by a %g¢ in. di- 
ameter shaft coupled to the setting 
screw. A fine-toothed pinion gear 
(about 10 teeth per inch) is mounted 
on the end of each extension shaft. 
The teeth mesh with a rack inserted 
in a groove in the side of a %-in. 


| oe 





moo Conve ne 
weenree ance 


44 




















ae 8 FOLLETT | 


Showing the broad application range of Fenwal Controls 








diameter rod. The rod is guided ver- 
tically by two bearing blocks on the 
side of the cabinet. As the rod moves 
it rotates the pinion gears. This resets 
the control temperature of the process. 


Key to Controlling 
Rate-of-Change 


A cam mounted on the output shaft 
of an 8-day mechanism controls the 
position of the rack. The contour of 
the moving cam programs the process 
by holding the rack steady to main- 
tain a constant temperature and by 
moving the rack at a given velocity 
to change the process temperature at 
a predetermined rate. The key to con- 
trolling rate-of-change precisely is the 
fact that a given angular rotation of the 
adjusting screw of the THERMO- 
SWITCH unit changes its control tem- 
perature by a eonstant, known amount 
(80°F per 360 angular degrees of 
rotation). 


CONTROLS TEMPERATURE... PRECISELY 


Quick Recovery to 
Desired Control Temperature 


Each Fenwal THERMOSWITCH unit 
controls its 110 volt AC circuit 
through a series-connected 25 amp 
relay. Either circuit can be made in- 
operative by disconnecting a male 
plug connected to the leads from the 
THERMOSWITCH unit. When both 
THERMOSWITCH units are connected, 
the heating and cooling systems are 
cycled alternatively to provide quicker 
recovery to the desired control tem- 
perature. The size of heat input is 
controlled by the capacity of the 
heating elements used in the heating 
circuit. To maintain a constant tem- 
perature or produce a low rate of rise 
50- or 100-watt incandescent bulbs 
are used. For high rates of rise, some 
of the bulbs are replaced with 1200- 
watt resistance coil heating ele- 
ments. A circulating fan runs con- 
tinuously to temperature 
stratification and eliminate stagnant 
air that would slow up the response 
of the THERMOSWITCH units. 


Proved Performance at 
One-Fourth the Cost 


The estimated cost of the entire 
set-up was about $165 
fourth the cost of an equivalent 
standard controller. And although 
used over a wide temperature range, 
there has been no trouble with con- 
densation or moisture, because the 
electrical contacts of the Fenwal 
THERMOSWITCH units are sealed inside 
the cartridge 

Write for new Catalog No. 500 for 
details and complete product listings 
on Fenwal Thermoswitch Thermal 
Controls, including units discussed 
above, Midget and Miniature ver- 
sions of these, Snap-Action Controls, 
and Indicator Controllers. 


prevent 


about one- 


oe ee ee ee ee ee  — — -! 


FENWAL INCORPORATED 
699 Pleasant Street 
Ashland, Ma 

Please send me your 
Catalog No. 500 


Our specific problem | 


Name Title 
Address 
City Zone State 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
L 
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© KOLLSMAN type 2103 8 — 0460 
size 11-—iInput 115 v. 400 cps. 
high torque to inertia ratio 
other windings available 


KOLLSMAN INDUCTION MOTORS 
.. feature high torque to inertia ratio 


Miniature two phase squirrel cage rotor 
unite for standard inputs of 400 or 60 
eps. Excellent linearity in torque vs. 
control phase voltage, and torque vs. 
speed. Also, high torque to inertia ratio. 
Many units can be supplied with preci- 
sion Kollsman integral gear heads in 
ratios as high as 1: 78,000. Center tap 
windings and many other variations 
available to meet your design needs. 


CAREER OPPORTUNITIES 


SYNCHROTEL 

© KOLLSMAN type 1269 — 0400 
input 115 v. 400 cps. 
other windings available 
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The servo components shown here—some exclusive, many with extraor- 


dinary performance characteristics—are designed and produced to fill the 
exacting needs of our own instruments to provide automatic control of 
flight and other functions associated with aircraft. They are now available 
as basic elements to aid in solving your control problem. 

For nearly 30 years Kollsman has been gaining in authority and in 
reputation for research, development and production of accurate and reli- 
able instruments and controls. No matter how severe your requirements— 
ask Kollsman first. 

Security regulations do not permit us to publish material on our classi- 
fied projects, of which there are many. 





TELL US THE PERFORMANCE YOU WANT 
.«. we are research and development specialists in designing to order 
and in assisting you to solve your control engineering problems. 





We have openings for mechanical and electromechanical 


engineers and senior technicians. Write us if interested. 





CIRCUITROL 


@ KOLLSMAN type 974 F-0164 e bow aly 


input 115 v., 60 cps. 
- ether windings available 


R DRIVEN GENERATOR 


@ KOLLSMAN type 1361 — 0460322 
input 115 v., 400 eps. 
other windings available 


N SYNCHRONOUS DIFFERENTIAL 
> ° © KOLULSMAN type 11218-0110 
ee input 26 v., 0-400 ops. 
PERMANENT MAGNET GENERATOR 


@ KOLLSMAN type 9446.0120204 


te 
peek m- wos h o he re kt bh ok oo Ks oe ho 


io 
rT 


ven in aircraft and missiles... 


SYNCHRONOUS MOTOR 
C) KOLLSMAN type 13900 ~ 0460 


oO KOLLSMAN SYNCHROTELS: Function as a low-torque contro! transformer or oe KOLLSMAN MOTOR DRIVEN GENERATORS Designed with modular units for 
inductive pickoff. The movable element of the Synchrotel can be coupled complete interchangeability. Ii. n 
directly to the most sensitive instrument to convert, with a high degrees motor and any K man ger 
of accuracy, the instrument movement into electrical signal The up as @ motor driver induet 
Synchrotel may be coupled to any low-torque shaft, such as a gyro can be supplied with rat 
gimbal shaft, whose angular position is to be transmitted. Weight 
3 ounces. For use at 60, 400 and 1,000 cyclk 


KOLLSMAN PERMANENT MAGNET GENERATORS 


reference, potential « inus 


@ KOLLSMAN CIRCUITROLS: High precision synchros for use as control wene- “y os — ae sp ee 
formers, differentials, resolvers, phase-shifters, or phase angie indicators 6 ee ae =e é 


ble in sizes 23, 17 and 15 frames. With polyphase or single phas< KOLLSMAN SYNCHRONOUS MOTORS 
or rotor as the application demands. Can be designed to perform 


torily over a wide range of vo 


tor;yue remain relatively constant s 
Itages and frequencies a variety of sizes down to a frame diamet: f L : Many mode 
with integral gear heads with ratio af mar 

Co} KOLLSMAN INDUCTION GENERATORS: (1) For use as a system stabilizer in a nous Motors are sensitive to frequer 

closed-loop serve-mechanism, (2) for velocity damping in a positional serve affecting the speed. Two such ur 

system, (3) for acceleration measurements. Al) Kolleman Induction Ger scope, with an unusually efficient 

erators are compensated to reduce residual voltage to a minimum control package the Kolleman 

thus enlarging the scope of their application. A complete, up-to-the- shaft rotates at half the differer 


minute range of units available synchronous motors, and provide 


KOLLSMAN PRODUCES: Flight Instruments « Precision 


Computers and Components « Engine instruments 

© Optical Systems and Components «+ Navigation 

ko Ilsm q n INSTRUMENT instruments « Precision Flight Controls « Motors 
ates bte and Synchros «+ Precision Test instruments for 





Aviation and industrial Laboratories 


80-08 45th AVE., ELMHURST, NEW YORK + GLENDALE, CALIFORNIA + suesipiany or Sdasdard con prooucrs co. ine. 











hk Model 1AM &* Model 2AM & Model 4AM & Model 6AM & Model 8AM 


GAST 2? AIR MOTORS 


offer explosion-proof, variable-speed 
power that’s surprisingly compact! 





Here's the complete §-star line of Gast MODEL 1 AM 


rotary-vane Air Motors . . . offering Ve ACTUAL 





ten unique advantages on products or SIZE 
applications located near a compressed 
air source 


1. Explosion-proof power in explosive or inflam- 
mable atmospheres. No sparks, no danger! 


. Low initial cost compared to other motors. 
. Variable in speed with simple valve control. 
. Can't burn out if overloaded or stalled. 

. Reversible rotation optional on 4AM and 8AM. Note the simple principle and 
. Rotor vanes take up their own wear. trouble-free constructior 











. Quickly attached to plant air lines. 

. Amazingly compact and light for h.p. delivered. 
. Ball-bearing; almost service-free design. HORSE POWER 

. Mechanically simple, neat in appearance. We. {RPM jet 60 PS). 01 90 PS) 


oomnogwa wn 


wt. 
lbs 


— 


As original equipment, Gast Air Motors 
are driving pneumatic hoists, mixers for 
paint and chemicals, fans, blowers, fuel 
hose-reel rewinders, liquid pumps, thread 
spooling machines and many other prod- 
ucts. Right or left rotation available 
Housings available with or without 
foot on most models. 


For complete performance 


GAST MANUFACTURING CORP., data, write for Bulletins! 


Specify models that 
interest you. 


P.O. Box 117-! Benton Harbor, Mich. 


Original Equipment Manufacturers for Over 25 Years 


GAST * “en 
TO 4 HP. 

» COMPRESSORS 
TO 30 P.S.1. 


ROTARY _ « vacuum pumes 


SEE OUR CATALOG IN SWEET’S PRODUCT DESIGN FILE 
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NEW PRODUCTS 


NONCONTACT GAGES 


live basic types of beta radiation, non 
| 


contact thickness gages are now avail 


ible. ‘These instruments are designed 
for the continuous measurement and 


control of sheet paper and board, metal 


foil, coatings, and laminates. Error is 
within 1.0 percent of the nominal 
thickness. Paper weighing from 2 to 
5,000 Ib/1,000 q ft can be measured 

Nuclear Corp. of America, New 
York, N. Y 


Circle No. 25 on reply card 





LIOUID FEEDER 


Ihe new low- ipacity metering instru 
ment shown here delivers a uniform, 
pulsation-free flow at a controlled rate 
independent of pressure and viscosity 
changes in the liquid being handled 
Error is said to be held to within 0.25 
percent of set rate. ‘Three models ar 
available, with feed rates from 1.0 to 
800 cc/hr, discharge pressure to 2,000 
psig Proportioncer Inc., Provi 
dence, R. | 

Circle No. 2G on reply card 


MEASUREMENT & 
DATA TRANSMISSION 





MINIATURE THERMOCOUPLES 


These new miniature th rmocouples 
ire designed for use in corrosive gases 





Facts |e Ae LENE 47 Voltage 


about 


4 

















mo 


i 


- 


Pictured above is a STAI INE 
that holds output voltage 
troubles caused by voitags 


Type EM6220Y 
tant end the 
variation 


“This Automatic Voltage Regulator 
is Saving Us Money in 4 Departments” 


1. PRODUCTION 
No more rejects due to sluggish 
solenoids and timers on pro- 
duction equipment. 


2. CONTROL 


No more work-in-process 
wasted when control equip- 
ment gets ‘out of phase". 





3. INSPECTION 
No more customer complaints 
about faulty products that have 
slipped by when testing ap- 
parotus was out of calibration. 


Be sure to see SUPERIOR 


Mobile Display when it is in your area 


Branch Offices of: 14663 Titus & 
P. ©. Box 946, 2681 
Colifornia « 482-68 Eglinton Ave. 
Ontario, Canada «+ 


El Comino Real, 


4033 W. Rogers Ave, Office #2, Tippett 
15, Merylend « 250 Pork Ave., Rms 
Bidg., New York 17, N.Y 
Medina, Ohio « 4515 Prentice St, ® 
839 Central Bidg., 8 Third Ave 


*Trade Mark Reg. U.S. Pat. Of 


West, 
2217 Biscayne Blvd, Mico 7, 
Florida « P.O. Box 48, 721 So. Blvd, Ook Park, 


502-504, Postum 
¢ P.O. Box 137 
" |, Dollas 6, Texo 


peattle 4 


4.MAINTENANCE 
No more burned out motors or 
lamps caused by persistent 
over or under voltage 





ELECTRIC'S 


Yan Nuys, Colifornia 


Redwood City, 


Toronto 12 Pie 


Minos 


Bidg., Baltimore 


Name 
Company 
101 Public Sa, 


Address 
Washington 


Cul 


assure you that the equipment in 
at the 
answer 


ise send me 


Surprised? Is this the first time that 
gested that a myriad of troublk 
major can be caused by voltage variations? Produc 

tion executives are just beginning to get the facta on 
Varying Voltage Troubles. VV'T we call them. Execu 
tives who are insisting on closer voltage control than 
the so-called “allowable limits” are saving themsel ve 

trouble and saving money for their company 


A STABILINE Automat Volt age 


inyone has sug 


some minor, some 


Regulator will 
your plant operates 
rating for which it This is 


to VVT! 


is designed your 


STABILINE Bulletin S351 


SEPTEMBER 1956 


Regulators 


THE SUPERIOR ELECTRIC company 
609 MIDDLE STREET, BRISTOL, CONNECTICUT 


Please have your representative call 


2317 











Shh BODY DESIGN eee 





Reduces body Ulasllictslacmelalem-ideltiels 


Longer seat alare| hic retain: 


tight closure 


High lift in all sizes for better 
yntro! — greater rangeability 


simplified and 


amok Zclamiileliahicialelalas 


Fewer parts 





Whi: 


BODY. The split body construction provides single seat 
design which retains internal contour of the same area as 
relating pipe size...eliminates pockets and shoulders 


reduces erosion 


SEAT RING. The body flanges retain seat ring in perfect 
alignment with valve plug. The valve seat is not affected by 
stresses from pressure or thermal shocks 


VALVE PLUG AND STEM. Valve plugs are contoured 
to provide either linear, percentage, or semi-throttle chai 
acteristics. Elimination of wings, or skirts, reduces turbu 
lence, wire drawing, plug vibration and noise 


SEPARABLE FLANGES. Can be interchanged at will 
Carbon steel flanges can be mounted on alloy bodies for econ 





=) @) 18 DE 1 3.7 8 3 FD. SO 3 51 O) 23 1 03. C—O) ee OP 8 BE OO). B51 OD Fame 









GLOBE BODY 


et 


OW 






omy. Integral flanges are available where special flange 
facings are required 


PLUG GUIDE. Hard metal guides of close tolerances can 
be inserted through stuffing box thout resorting to 
threads, welding, pressing or staking. Interchangeable with 
Teflon guide bushing 


The Soundest Approach to Fluid Flow Control 


Annin Valves have proven to be the answer to the complex 
fluid control problems common in the process industries 
Chemical, Petroleum, Paper, Steam, Power Plants, and many 
others. Today, Annin Valves are recognized by control engi 
neers and valve designers as the outstanding valve develop 
ment of the past twenty-five years for the control of hot, cold 
erosive, or viscous liquids 


OTHER BODY DESIGNS PROVIDE FLEXIBILITY IN INSTALLATION 





CORNER BODY ANGLE BODY 


3-WAY VALVE - 
ANGLE ADAPTER 


3-WAY VALVE- 
GLOBE ADAPTER 


ee Tt Gk VALVE OPERATORS 


DOMOTOR 

The Domotor®™ operator is the 
most responsive, precise position- 
ing, Gnd fastest pneumatic 
operator available. It brings to 
automatic control new perform- 
ance, positioning accuracy, speed 
and finest response. 


PRESSURE 
BALANCED 
For accurate pressure control of 
air and gases at pressures to 300 
psi and temperatures to 1200°F 


MANUAL 
Particularly adaptable to Annin 
Valve Body design for manual by- 
pass service, manual flow control 
for batch and other non-continu- 
ous operations 


ee 


LIFT CHECK VALVE 
Available in all standard pressure 
ratings to provide positive, safe 
prevention of flow reversal 


annin Control Valves meet design requirements 
for the most exacting service conditions 


*! 


Anr. 1 Valves have no equal in the 
handling of all types of fluids or 
gases in severe services—corrosive 
chemicals, steam or gas, flashing 
condensates, petroleum fractions, 
chemical slurries, or paper plup 
at high or low temperatures or 
pressures. 


FOR LIQUID 
OXYGEN SERVICE 
This 8” Annin Valve was 
especially designed for liquid 
oxygen service, 2300 psi at 
(—) 310°F. Stroke time 0.3 


seconds 


ANNIN’S complete line of control valves will be on display in booths number 
1408 and 1409, 11th Annual Instrument-Automation Conference and Exhibit. 


Send for your copy of Annin’s entirely new and comprehensive valve catalog 1500-C. > OAwnin 


Valle teh Ja Ay 


wry 


— ¢T; vr? 
A N THE ANNIN COMPANY Sc 
\ 6570 EAST TELEGRAPH ROAD, LOS ANGELES 27 ALIFORNIA 
Coutrol VALVES 





gaesesaee8 


VOLTAGE OUTPUT 
nN 
° 


— 
co 


Now from Vernistat 


Adjustable Non-Linear Function Generator 


Introduces any non-linear function related to shaft rotation into 





a system—quickly and easily. 


Here’s a new variation of the famous 
P-E Vernistat* precision potentiometer. 
The new idea is that the curve of output 
voltage versus shaft rotation is immedi- 
ately adjustable by a printed circuit 
switch to help you introduce non-linear 
functions into systems. Any mathema- 
tical or empirical function including 
those with multiple slope reversals can 
be generated. 

The switch is arranged in the form of 
a graphic panel to give a visual presen- 
tation of the output. Shaft rotation is 
represented by the x-axis, voltage out- 
put by the y-axis. 


* Trademark 





PHYSICAL CHARACTERISTICS: 


* 100-transformer taps connected to 
31-pole, 100-position printed circuit 
switch 

* any pole can be switched to any 
tap 

* size: 64%" x 7%" x 2%" 


ELECTRICAL CHARACTERISTICS: 


* potential at each pole adjustable 
to + 0.5% of applied voltage 

* minimum slope of voltage output 
curve: zero 

* maximum voltage between adja 
cent poles: 12 volts 

* frequency rating: 400 or 60 cps 
@ 130 volts depending on model 
(frequencies below 60 cps, input 
voltage reduced) 





* with variations can be operated 
to 10,000 cps. 

* ovtput impedance: 130 ohms 
maximum 


For more information on this adjustable non-linear function generator, write to: 


vernistat division 


PERKIN-ELMER CORPORATION 
Norwalk. Connecticut 
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NEW PRODUCTS 


ind liquids. Each i 

less steel protecting tub 

junction welded direct 

order to retain its sensi 

r¢ pons¢ Cherm ICO 

brated in iron 

constantan, and 

three temperature 

OO to plus 1.600 de 

oxide insulation permit e of 

thermocoupk without ndary tub 

ing. Fixed or adjustable mountin 

bushings and a wide variety of term: 

nals or quick-coupling pl ind jack 
nnector are iva Therm 

Electric Co., Saddle Brook, N. J 

Circle No. 27 on reply card 


AN-DIG CONVERTER 


his new encoder us« irles n 
truction, reflecting a | nertia load 
into the driving system. It iid tha 
the new construction has lowered thi 
inertia from 423 to z gm-cm. Th 
units are especially uited for servo 
ystem application They provide 
ingular resolution of 0.3 d 

ind can be mounted direct 

ervo shaft G. M. Giannini & ( 
Inc., Pasadena, Calif 


Circle No. 28 on reply card 


ELECTRONIC PO! 


his new electronic potentiometer ha 
a transmitter which sends a 3-15 psi 
signal proportional to the measured 
variable. This pneumatic signal may 
then be sent to a remote indicator o1 
controller. Measurements of spec 
viscosity, resistance, etc., can thus b 
presented on pneumati receive! 


] 
The Bristol Co., Waterbu ( ! 
Circle No. 29 on reply card 



































CONTACTORS «+ STEPPERS + RELAYS + SOLENOIDS + SWITCHES + 






ANNOUNCING 


GUARDIAN 
TWIN- CONTACT 






LOCKING RELAYS 












SHORTING RELAYS 






e 
LAMINATED ARMATURE GENERAL PURPOSE 
RELAYS RELAYS 
* * 
HEAVY DUTY RELAYS INTERLOCKING RELAYS 
° r 




















POWER TYPE TELEPHONE TYPE 
RELAYS RELAYS 
» - 
MIDGET MULTI-CONTACT COMPLETE PACKAGED 
RELAYS CONTROLS 
* * 





INDUSTRIAL RELAYS AIRCRAFT CONTROLS 









Series 695-T 5 


The new SERIES 695-T TWIN-CONTACT RELAY typi- 
fies Guardian’s achievements in the field of twin-contact 
relay control of communications—telephone circuits—audio 
circuits—computers—business machines and similar cir- 
cuitry applications. Up to 6 pole, double throw, Series 695-T 
has 4-ampere ratings on Palladium, silver, gold, or special 
alloy contacts. Solder lug or taper tab terminals. 









The Series 595 and 395 Guardian Relays are also available with 
Guardian Twin-Contacts to insure millions of dependable, long 
life operations. Like the Series 695-T Twin-Contact Guardian 
Relay, each of these units is the result of painstaking engineer- 
Series 595 ing to achieve the ultimate for twin-contact relay control of 


e your circuit. 
wre. —for Specific Engineering Recommendations for Your Applications 


GUARDIAN W ELECTRIC 


1623-K W. WALNUT STREET CHICAGO 12, ILLINOIS 


SB COMPLETE LEME GF COMTHOLS SERVING AMERICAM tnOUtTAY 


















Series 395 


Ce 
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ELECTRON TUBES 
SEMICONDUCTOR DEVICES 
BATTERIES 

TEST EQUIPMENT 
ELECTRONIC COMPONENTS 


TUBES - FERRITE CORES - SEMICONDUCTOR DEVICES 


for DATA PROCESSING 


A number of years ago, RCA introduced a group of electron tubes 
designed, manufactured, and tested specifically for computer services 
These tubes. which maintain their emission capabilities after long 
periods of operation under cutoff conditions, and therefore provide 
good consistency of plate current during the “on periods, have been 
instrumental in the design of many new and improved data processing 
devices. Continuing this ‘‘pattern of progress’--RCA is constantly 
exploring the requirements of data processing: and computer applica 
“lions. Currently, RCA offers tubes, ferrite cores, and semiconductor 
devices for these services. Look to RCA for new developments and 


progress in the field of data processing 


CONTROL ENGINEERING 


Are Py t Cathode-Ray Tubes .. . 
RCA-5SAUP24, -SWP15, -SZP16 .. . ail 
feature fine spot, high resolution, aluminized 
screen, electrostatic focus, magnetic deflection for 
film, strip, sheet, or card reading. Transcriber 
Kinescope ... RCA-SWP11 especially de 
signed for use in kinescope film recording 


byw Storage Tube... 
RCA-6866 produces non 
flickering display of stored infor 
malon .. extraordinary brightness 
of about 1750 foot-lamberts 
writing gun viewing gun 
electrostatic focus and deflection 
good resolution in halftones 


Radechon .. . RCA-6499 
barrier-grid storage tube 
for use in variety of information 
processing systems digital 
of analogue information may be 
stored for periods controllable 
from microseconds to minutes 
“read-out” rate same as oF 
different trom “write-in” rate 


' 


Graphechon . . . RCA-6896/ 
1855 electrostatic charge stor 
age tube for use in scan-con 
version equipment writing gun 
reading gun magnetic de 
flection electrostatic focus 


Com Storage Tube 
«++ RCA-6571 .. single beam 
type for use in binaery-digital 
computer systems electro 
Static focus and deflection 





RCA TYPES FINDING WIDE APPLICATION WITH COMPUTER EQUIPMENT 


Miniature 
emer” RCA-6080° Muttiptiors 
, — adi RCA-5726* : low-mu twin power tri- 
circuits twin diode intended for ode designed for use in 


de amplifier circuits 
applications where de- 
RCA-5823* _ . glow-discharge triode, cold- pendable performance light-operated 
cathode y for use as @ relay tube in “on-off” is paramount under , j it 
control of low-current circuits conditions of shock and relay circuits 
RCA-931-A* is 
a 9-stage. photosensi 


RCA-2D21* thyratron, heater-cathode vibration 
tetrode type. Can be operated in high-sensitivity 

tive tube of compact 
design, suited to scan 


relay-control circuits directly from a high 
vacuum phototube RCA-28L 1 » tube 
6-GT* eam power tu 
RCA-5696* . thyratron, negative-control where fequirements are for high power ning apptiestions te da 
heater-cathode tetrode type; for relay applica- sensitivity at relatively low plate and POORER Cones 
tions such as in counter-circuits where low screen potentials 
heater -current drain and short deionization time 
are important considerations —— *For data on these types see your RCA Tube Handbook H8-3. — 











RCA HIGH-QUALITY TRANSISTORS r-) é ¢ © e 


RCA high-quality transistors are the result of years of 

experience in research, development, and production é FERRITE CORES - TRANSFLUXOR 

. Sea ent en ae RCA-219m1 .. . 0.55- ampere -turn-drive, 165-millivolt output ferrite core; 

characteristics and stability throughout long life RCA-216m1 . . . 0.95-ampere-turn-drive, 200-millivolt output ferrite core. Both 

Several new types are under development for specific are toroid-shaped types, characterized by hysteresis loops which provide 

computer applications reversal of magnetic-flux polarity when the correct current combination from 
‘ two associated magnetized windings are coincidentally energized 





RCA Dev. No. XF-1501 TRANSFLUXOR . . . originated by RCA, is a switch 
ing and storage device se ferrite core. It can control the transmission of ac 
power according to a level set by a single pulse and furnish an output determined 
by the stored pulse for an indefinite length of time 


For sales information on RCA tubes, ferrite cores, and 
semi conductor devices for your specific equipment de- 
signs, call the RCA Field Representative at the district 
RCA-5964 office nearest you 


ae ~~ EAST: HUmboldt 5-3900 
triode 744 Broad Street 
Newark 2, New Jersey 
MIDWEST: Whitehall 4-2900 
ten mu Svite 1181, Merchandise Mart Plaza 
twin Chicago 54, i 
triode 
WEST: RAymond 3-836! 
6355 East Washington Bivd 
RCA-6197 Los Angeles 22, Calif 


ELECTRON TUBES PRODUCED RCA-5915 
SPECIFICALLY FOR LONG-LIFE ay 
IN COMPUTER SERVICE 

RCA computer-type tubes are de- RCA-6965 
signed, manufactured, and carefully “i es 
tested to assure long term depend- tode 
ability and stability of operation in 

“on-off” electronic computer control 
applications. All are miniature tubes —— 
of the heater-cathode type. The twin 
5963, 5964, 5965, 6197, and 6211 triode 
are primarily designed for fre 

ee divider circuits, the 5915, pf For data on any of the RCA products shown here, please 
or gating circuits, write RCA, Commercial Engineering, Section |.56% 
Harrison, New Jersey. 








on, Harrison, NJ 


RADIO CORPORA TION of AMERICA Semiconductor Division, Somerville, N. J 


Div ion Camden NJ 
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NEW PRODUCTS 


What holds 
this heavyweight 
battler up...? 


Obviously, the North Ameri- 
can F-100 Super Sabre flies be- 
cause it fulfills the aerodynamic 
laws relating to lift and weight, 
thrust and drag. 
But before an F-100 leaves the 
ground, its probable conformity 
to these laws is measured with 
great care and compared to the 
data acquired during 50-plus 
years of aeronautical experience 
to insure peak performance 
under the stresses of high alti- 
tude, supersonic combat 
Edin Eiestvonte Instrumenta- 
tion is a key element in flight 
simulation and pre-flight testing : 
during design and production 
stages at North American Avi- STORAGE ’SCOPE 
ation. In the case of the F-100, : ta 
custom-adapted 8-channel Edin This self-contained storage  oscillo 
Recording Oscillographs serve 
as direct-writing indicators to 
; record aircraft responses as sim 
ulated by analog computers. scope or by using front-panel connec 


1O 3) ¢ < Ci al 10 0 al 
@ NEW OSCILLOGRAPH FLEXIBILITY tions to the vertical and horizonta 


: implifiers. Infinite persistence permit 
You, too, can benefit from the 





scope may be operated with any stand 
ard _electrostatic-deflection — oscillo 


long term observation of transient 





a amazing flexibility Edin Oscillo- ; vel 
graph Recorders can provide. Or comparison ol evcta waverorm 
For Edin now offers a completely vithout photography. Information can 
j . redesigned recording instrument be erased bv a pu hbutton or an ap 
My in two models: with modular lied pulse The implifiers are coupled 
f interchangeable preamps and = i, oe ‘pier 
basic amplifiers; and with stand- directly and allow more than full-scale 
ard rack-and-panel single- deflection without overloading Ad 
chassis amplifiers. Modular unit vanced Electronics Mfg. Corp., Los 
takes up to 8 preamps in the Angeles. Calif 
control panel, with amplifier ea 
: chassis mounted in the lower Circle No. 30 on reply card 


section of the housing. Records 
up to 8 channels of transient 
data simultaneously. User may 
begin with two channels and 
add preamps and galvanometers 
as required, 

A wide choice of amplifiers is 
available including: 





















Noise 
Type Model Gain* Response Level 
. 
High Gain DC 8238 5,000 DC-5K lOuv 
Low Gain DC 8231 125 DC-5K 50uv 
Condenser 
Coupled 8234 10,000 1-3K 10uv 
High Gain CC 8235 500,000 1-3K Suv 
Modulator 8236 20,000 DC -60 20uv 
Pressure 8241 20,000 DC -60 20uv 
Stabilized DC 8239 10,000 DC -3K 20uv 
Carrier 8237 500 000 DC -500 Suv 
*Preamp and amplifier SHAFT DIGITIZER 
l'his device is available in two mod 
Qa, which give one and ten counts, 1 
Write for informative, ; pective lv, each shaft revolution It 
illustrated literature “~y lv at 1.500 
5 { 
on oscillograph record ~~ Can run continuous Ya ; rpm iT 
ing instruments and ac % intermittently at 3,000 rpm reaching 
cesories. 1 maximum count of 9,999. Maxi 


mum transfer torque 1s 1.5 oz-in.; lif 


span is 10 million revolutions.——Jon ‘ 
EDIN COMPANY, INC. y Wettlaufer Engineering Corp., Lo 


a 


( 
207 Main St., Worcester, Mass, USA Angeles, Calif 


Circle No. 314 on reply card 
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mounts standard 17” chassis 
in standard 18” rack or cabinets 














REQUIRES ONLY 19/64" SPACE PER SIDE- 








VET HAS 


FULL ROLLER ACTION 
(fits RETMA rack hole spacing) 























The Grant 3400 Thinslide requires only 19/64” space per side —installs readily 
in standard racks and cabinets. Allows instant access to chassis measuring 
from 10” to 16” deep. Tilts through 100° for under-chassis servicing. Positive 
lock in “out” position, Lock has finger-tip release for instant return or removal 
of chassis. Eight hardened steel rollers carry the rated load of 100 Ibs. smoothly 
and easily—durability insures frictionless rolling for thousands of cycles of use. 





Slide mounting not only provides for quick access—it usually eliminates need 
for rear access doors and rear aisles—a very important saving of space. 


The Grant 3400 is a versatile slide, suited for use in your product, in plant 
equipment, prototype and breadboard work, and in production line or field test 
equipment. Very moderate cost allows a wide range of applications in original 
equipment. 








Write today for Grant 3400 
Thinslide Technical Bulletin— contains 
full data and specifications. 





SUT movernn SLIDES 


— Grant Pulley and Hardware Corporation 
factories: 31-47 Whitestone Parkway, Flushing 54, N. Y. 
944 Long Beach Avenue, Los Angeles 21, Calif. 



































U J ” 
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PRATT & 
WHITNEY 


control units 





provide 


AUTOMATION 
the EASY, 
LOW-COST 





way 


Increased production . . . reduced reject losses . . . greater 
accuracy! These are the profitable advantages you get through 
Automatic In-Process Gaging. And now, standard, on-the-shelf 
Pratt & Whitney Control Units . . . plus a minimum of special 
gaging fixtures . . . can give you an in-process gaging installa- 
tion exactly tailored to your needs without the long delays and 
heavy expenses involved in engineering and constructing spe- 
cial equipment. 


GET FACTS AND FIGURES. ..... Prove hw P&W 
Automatic, In-Process Gaging can improve your profit picture 
. . . how easily it can be applied to your machines. Phone the 
P&W Branch Office near you and ask a Pratt & Whitney Direct- 
Factory Gage Specialist to analyze your needs and submit his 
recommendations, 


FOR 
CENTER- 
LESS 
GRINDING 


FOR 
1D. 
GRINDING 


FOR 
0.D. 
GRINDING 


PRATT & WHITNEY COMPANY 


INCORPORATED 


8 Charter Oak Boulevard, West Hartford 1, Connecticut 


Branch Offices and Stocks in Principal Cities 


MACHINE TOOLS « GAGES « CUTTING 


NEW PRODUCTS 





HIGH-POWER ‘TRANSDUCER 


The first high-power nagnetostriction 
type transducer, a 400-watt, 25 k 

model, can be driven b to 150 kw 
electronic or rotary ultrasonic genera 
tor It can be used with liquids at 
temperatures above boiling point, and 
it 1S applicable to lar cale ultra 
son cleaning, degre ins descaling 
plating, and other metalworking and 
finishing operation Acoustica A 

sociates, Inc., Glenwood Landing 


N, ¥ 
Circle No. 32 on reply card 


DIGITIZER KIT 

his little device can be connected to 
M-H “Electronik” null balance record 
ers to convert analog data, such a 
temperature, pressure Itage train, 
etc., into digital form for recording on 
a printer, punched cards, or paper tapé 
Installation takes only a few minute 

and the accuracy ensitivity, and 
response of the recorder are unaltered 
Instructions and complete schematic 
diagrams for building a digital record 
ing system are also available from the 
manufacturer.—Coleman Engineering 
Co., Los Angeles, Calif 


Circle No. 33 on reply card 


ENCODER 


Accuracy and low cost are claimed a 
the chief advantages of a new analog 
to-digital converter. Using a rotating 
photocell-light assembly, it converts an 
analog meter indication into digital 
form for serial or parallel long-distance 
transmission. Error is within | percent 
and readings: can be taken at 3-sec in 
tervals —Bendix Aviation Corp., Pa 
cific Div., North Hollywood, Calif 


Circle No. 34 on reply card 





INFORMATION 
DISPLAY INSTRUMENTS | 


TEMPERATURE INDICATOR 
Already used in aircraft, this rugged 
null-balance temperature indication 
system features accuracy within 4 per 
cent and full-scale response of 0.8 sec. 
Che 24-in. in diam indicator houses a 
13-in. moving vertical scale readable 
to one deg. Standard scale ranges are 
minus 100 to plus 600 deg F for iron 
constantan and 575 to 1650 deg F fo: 
chromel-alumel thermocouples. Input 
power is 45 va at 115 volts, 400 cycles 
Applications include _ photo-panel 
work.——Handiey Electronics,  Inc., 
Van Nuys, Calif 


Circle No. 35 on reply card 


DIGITAL INDICATOR 


Designed primarily for use with tur 
bine flowmeters, these direct-reading, 
in-line digital indicators feature 1-in 
edge-illuminated numerals which are 
easily readable at 25 ft, electrical con 
version into desired units and correc 
tion for primary calibration factor, 
tability, within 0.1 percent, and 
manual adjustment over 0.5—1.5 
specihe gravity range.—Tl'isher & Porter 
Co., Hatboro, Pa 


Circle No. 36 on reply card 
INPUT COUNTER 


A new multi-channel electronic 
counter is applicable to all types of in 
dustry where total count of daily pro 
duction from more than one linc 
required. A photohead is located on 
each line where the count is made 
Should the photoheads be interrupted 
simultaneously, an anti-coincidenc« 
feature will keep the count accurate 


It’s almost THIS easy 
... tosetup 
AUTOMATION GAGING* 
with 
PRATT & WHITNEY 
PACKAGE 
UNITS 


any number 
of basic units 
can be 
assembled 

as required 








Automation Gaging . « . uses a “feed-back” 
control system to re-set the machine as required to main- 
tain work tolerances AUTOMATICALLY at all times. 
The results are: increased production, greater accuracy, 
fewer rejects .. . and greater profits! 


AND NOW...an Automation Gaging installation 

. custom tailored to your exact needs can be assembled 

quickly and easily from standard, in-stock Pratt & Whitney 

Package Units. The big expense and long delays of specially 
constructed control equipment are eliminated 


LEARN HOW practical the advantages of Automation 
Gaging can be applied to your production lines. Phone the 
nearby P&W Branch Office and ask a Pratt & Whitney Gage 
Specialist to call at your plant... or write direct to West Hart- 
ford outlining your requirements. 


PRATT & WHITNEY COMPANY 


INCORPORATED 


8 Charter Oak Boulevard, West Hartford 1, Connecticut 
Branch Offices and Stocks in Principal Cities 


MACHINI 





MACH 
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IN E& |TUw ee al Rg, el 


IMC...... ahead in DYNAMOTORS 
Eff. Output 


% 


Volts 




















200 300 
Output current (Milliamperes) 


400 


INDUCTION Motors Corp. is rapidly expanding its line of dynamotors 
for industrial and military use. In particular, IMC engineers have 
concentrated on development of dynamotors to meet the rugged 
shock and vibration requirements of the missiles field. The company’s 
catalog now lists dynamotors with power outputs up to 110 watts, 
varying with duty cycle and ventilation. Input and output voltages 
are available to specification in standard frame sizes, any of which 
can be supplied with blowers for cooling applications. 


SPECIFICATIONS 


3011 DYNAMOTOR (Shown with blower) 


Input: 27.5 volts at 3.2 amps 

Output: 160 volts at 250 ma 

Speed: 9000 rpm 

Weight: 3% Ibs. 

Ripple: Less than 1% 

Ambient temperature range: —55° C to +105° C 


Our engineers can assist you in solving troublesome, time-consuming 
motor problems. Experience in design and manufacture of AC and 
DC subfractional, servo and gear motors, fans, blowers and the 
dynamotors mentioned above can be profitably applied to your own 
special needs. 


ie 
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NEW PRODUCTS 


Total footage of a product in web form 
can also be determined by the unit. 
Post Machinery Co., Beverly, Mass 


Circle No. 37 on reply card 





PNEUMATIC CONTROLLER 


This air controller features wide pro 
portional band (0.5 to 400 percent) 
with easy shift in width, full zero de 
rivative setting on triple mode control 
ler, reset action stops for prolonged 
deviation from set-point under severe 
load changes, easy reversal of action, 
and = one-adjustment recalibration. 
Control modes include on-off, propor 
tional, reset, derivative, and reset-plus- 
derivative.—The Bristol Co., Water 
bury, Conn. 


Circle No. 38 on reply card 


READOUT INDICATOR 


Three new in-line readout indicators 
for electronic « ounting instruments are 
designed with large numerals, all in 
one plane, to reduce operator fatigue 
and provide greater accuracy through 
fewer reading errors. ‘The indicators 
are available with four, five, or six 
digits. The relays, which use palladium 
contacts, are guaranteed for 50 million 
operations. Presentation rates of the 
new readouts range up to 15/sec, and 
digits read out simultaneously. 
Berkeley Div. of Beckman  Instru 
ments, Inc., Richmond, Calif. 


Circle No. 39 on reply card 








Systems Engineering 
and Equipment 
ooo by 7 2eueds 


Mow REAC 
umes REAC® analog computers 
° nee 
construct 4 “ Li . 
iP , This “400” is the newest model of the famous REAC (Reeves Electronic 


verification of Analog Computer). The new modular construction allows assembly 
solv’ s 


High Speed ae : ‘ 
Servos an existiny installation. Problem check, a new Reeves development, 


of exactly the computer necessary to do a particular job or expand 


Patchboy permits verification of problem solutions before problem is run. New 
switching 


seaititied high speed servos and improved components facilitate high speed real 
operation and time operation. 
maintenance 
@ rec. rravemann 
20 1G Integrating Gyro 
Extremely low drift 
rate, high sensitivity ela-tel-tielsm fh 4. 1 oe) 
Single-degree-of-freedom, v us damped. Features fu 
Alelehicie Maa@elaltiall eile that reduce igi ailels yet provides 
extreme resistance to shock. Small size high precision Ideal 


ne. or shipborne equipment for space stabilizatior 
20 8.G. Rate Gyre 


Small size. Fully 
floated construction. 


dela claleMaelilige)| Mel Miaeli Millet itis lil la) 


precision RESOLVERS 


The highest precision resolvers commercially available. Small 
size makes them ideal for use as computing element in 
military and precision industrial electronic systems. Special 
wide band units are available for irregular wave shapes hav- 
ing rise times as low as one micro second. Units are built 
directly to required accuracy without selection or culling. 





MAGNETIC CLUTCHES 


High quality magnetic clutches for all control applications. 
Single and double-ended models, as well as combination 
that provides effective SPDT action. Standard and Miniature 
models, with or without crown tooth construction. Quick 
acting, high torque. 











SERVO mechanical parts 
standard and miniature sizes 


Shaft hangers, shafts, precision gears, differentials, coup- 
lings, terminal blocks, limit stops, dial assemblies, etc. Easy 
mounting on convenient slotted plate. Changes easily made, 
parts re-usable. Tremendous time-saver in prototype work 
on servo and instrumentation systems 
Write for technical literature on above products 

Reeves Sub-contract Service: Our facilities are available 
to you for help on computing systems, gun fire control, and REEVES iNSTRUMENT CORPORATION 


precision electronic systems of any kind. For complete infor- A Subsidiary of Dynamics Corporation of America 
mation.contact Reeves Sub-contract Department. 209 East 91st St., New York 28, N.Y. 
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MULTI PRODUCTION LINES NEED: 


POST multi-channel 


counters 


New .. . Post’s multi-channel 
counters answer industry's 
need for a “total” count 

from several production lines 
at any given moment, 
Working in conjunction with 
a Post DECITRON electronic 
counter, the multi-channel 
system requires a photohead 
for each production line . , . 
relayed signals are tabulated 
by the MC and transferred 
to the counter instantly for 
visual evidence of “total”, 





MC—MULTI CHANNEL INPUT UNIT 


Post also manufacture a variety of photo electric relays 
and industrial timers ideally suited to multi-production 
control systems, Write for descriptive literature, 
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ale ineliliad daelellane Slate): 


POST MACHINERY CO. 


163 Elliott Street 
Beverly, Mass 


NEW PRODUCTS 


RATE RECORDER 

his device is an im] 

the company’s rate r 

meters. It can be 

ingle or compound 

ind automatically chart 

of flow. Five chart pec 

for 2, 6, 24, 72, and It hi 
recorder, which operat mechani 
does not interrupt the meter opera 
tion or obstruct the dia lS. Brain 
ird Co., Hartford, Conn 


Circle No. 40 on reply card 


CONTROL DEVICES 


SEALED RELAYS 


Hermetically sealed against salt spray 
corrosion, fungus, and humidity, thi 
line of rotary selector switches and 
stepping relays is easy to install and 
protected against tampering with con 
tacts or relay mechanism. ‘The sealing 
ilso prevents shock or injury to per 
sonnel. Units meet military shock, vi 
bration, temperature, and acceleration 
specs. Switches are available with a 
maximum of 4 wafers and 105 pins in 
the header.—G. H. Leland, Inc., Day 
ton, Ohio 

Circle No. 4] on reply card 





for Easy Accurate Reading... 


MOELLER THERMOMETERS 


RECORDING THERMOMETERS 


Mercury Actuated, made in round or rectangular 
cases, Charts 10" or 12", |-hour, 12-hour, 24-hour or 
7-day. Ranges from minus 40° to plus 1000°F. or its 
equivalent in Centigrade. Made in remote reading, 
direct reading, portable and self-contained styles. 
Plain stems, union connection stems, and separable 
sockets in all stem lengths and alloys 








MOELLER BI-METAL THERMOMETERS 


Are actuated by a powerful, specially processed bi- 
metal helix. Made with 3" and 4!/," diameter dials. 
Stainless stems, can be furnished with union connec- 
tion or separable sockets. Scale ranges from minus 


100° to plus 1000°F. 





DIAL INDICATING THERMOMETERS 


Mercury Actuated, made in 4!/,"', 6" and 8!/," sizes 
with flexible extension tubing. Adjustable rigid stems, 
single or two pointers, with or without electrical con 
tacts, plain bulb, union connection bulb or separable 
sockets in all lengths and alloys. Scale ranges from 
minus 40° to plus 1000°F. or its equivalent in Centi- 
grade. 





MOELLER INDUSTRIAL THERMOMETERS 


Made in all forms — Straight, Angle, Right Side 
Angle, Left Side Angle, Reclined and Inclined Angles, 
in scale ranges from minus!20° to plus 1125°F. or its 
equivalent in Centigrade. Available in 5", 7", 9 
and 12" scale sizes with plain stems, union connection 
stems and separable sockets in all stem lengths and 
alloys. 














MOELLER INSTRUMENT COMPANY 


N f 


RICHMOND HILL 18, NEW YORK CITY 
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NEW PRODUCTS 

















FOR AUTOMATIC 
PORTRAYAL 


5 POUNDS pe Sd | RATIO RELAY 
\ , ears r = \ new ratio relay for the pneumati 
ANOTHER EXAMPLE ord 1 PIONEERING pa control field 1S said to produ ea truc 


linear change in pneumatic output 
The Waterman PANELSCOPE is a custom—built cathode ray tube signals when using suppressed ranges 
oscilloscope, with simplified operation, and yet available at a low price : 


The PANELSCOPE concept provides for the following: such as 3 to 15 psig. It permits man 
SE Se aioe Se SS a ual adjustment of the input-output 

@ MINIATURIZATION — Panel space required is only 5%” x 5-3/16” ignal ratio, ranging from 0.3:1 to 
depth is 10” and the weight is less than 5 lbs. The PANELSCOPE 2 Ze : Sa = 

can be installed in practically any equipment — mobile or stationary 3.75:1 when a suppressed scale of 3 
psig is used. A precision fulcrum drive 
SIMPLICITY OF OPERATION — Twist of a single rotary switct assures exact ratio adjustment. Appli 
provides a synchronized pattern of desired incoming signal (up to 11 


air, sea, or land — military or commercial. 


cations include the fucl-air ratio in 


circuits) against proper linear time base. This is ideal for monitoring combustion processes, ratio of gases in 


and trouble shooting, as it removes the need of fiddling with knobs as gas mixing, and the proportional feed 

it is done now on general purpose oscilloscopes. The static controls, fc] H ( Pp 

such as beam, focus, positioning, and graticule brightness are located Ing OF Chemicals gan Corp., Fitts 
) 

in tube escutcheon burgh, Pa. 


CUSTOM DESIGN — A wide variety of — signal amplifiers with Circle No. 42 on reply card 
response from de to megacycles and sensitivities from 5 millivolts 

synchronized or triggered linear time base generators from ‘4-cycle 

(and lower if need be) to 2 microseconds — can be specified by you to 

fit your needs for particular equipment. 


PARTIAL KIT FORM — The PANELSCOPE comes fully wired 
and tested with chosen signal amplifier, linear time base generator and 
attendant syne. amplifier. The desired signal attenuators, frequency 
and amplitude determining components, and method of synchroniza- 
tion can be installed either by us or by you. 


POWER REQUIREMENT — Less than 10 watts of line power for 
built-in high voltage supply — The required B+ and heater current as 
selected by your requirements. For those cases where B+ and heater 
power is not available, auxiliary power pack can be supplied. 


There is a place in your equipment for Waterman PANELSCOPE, a cus- 
tom built oscilloscope at production prices, although your needs may be but 
one or two. May we have your requirements? 


WATERMAN PRODUCTS CO., INC. INTERVAL TIMER 


PHILADELPHIA 25, PA. Available in full-scale ranges from 15 
MANUFACTURERS OF sec to 24 hr, this interval timer fea 


PANELSCOPE® tures a high-torque synchronous motor 

$-4-€ SAR PULSESCOPE® to actuate the reset mechanism. Motor 
+ 

8-8-6 108 Eyggocore develops minimum torque of 30 in.-oz 

5-13-A INDUSTRIAL POCKETSCOPE ~ : 

$-12-8 JANiced RAKSCOPE’ it | rpm. 300 deg blac k-on white dial 

5-12-€ SYSTEMS RAKSCOPE® permits easy reading. Repeatability i 

5.14.4 HIGH GAIN FOCKETSCOFE’ 

-14.8 WIDE BAND POCKETSCOPE’ 

cae pradkss « Seer score’ percent of full scale throughout s« rvice 

5-15-a TWIN TUBE POCKETSCOPE® life Cramer Controls Corp., ‘ 

RATONIC’ Cothede Rey Tubes brook, Conn 

ond Other Assecioted Equipment 





said to be within plu or minus 0.25 











center 





WATERMAN PRODUCTS 


*r, 4. nee. Circle No. 43 on reply card 
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wherever precise ftlow 


measurement is critical 


Sasa 


7 Happ nna TYPE 


FLOWMETER 


POTTER FI 


5 each year tor 


ACCURATE, DEPENDABLE 
len \ processor: 


naintenance 


extren ' 


refined liquids and other 


nara 
‘ 


cr 
essures {0 3 


),000 psi. Eas 
ar output, Potter 

fed into digital 
' 


to indicate 


Of their ne 
fal etered nf wren 
or control flow-r 

it how this 
help soive 


> unique approach t 


your flow-contro!l problems 


— 


oa 


POTTER AERONAUTICAL COMPANY *- Route 22+ Unior 


N.J.* Phone MUrdock 6 


3010 
Makers of Potter Engineered 


products 
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NEW PRODUCTS 





TIME, DELAY RELAY 


[his time delay relay, which consist 





of two normally-closed micro switch 
ind a basic relay, allows electrical im 
terlock and two-st p timing. Contact 
of one micro switch are held open | 
i lever. When the relay energized, 
shows set point , the contacts cl ind lock. A cam ad 
ad | justment varics the timing between 
and process variabie_—s«. the.two steps, The scleys are oveil 
oss eeeeeenee ible for intermittent or continuou 
f or de duty and are rated at 15 am» 
Bh on 115-volt, 60-cvcle ac V’G’A Di 
° of Elastic Stop Nut ¢ orp. of America 
Vlizabeth, N. J 
No other Pilot gives you all the features available in the USG Circle No. 44 on reply card 


Temperature or Pressure Pilot. 

This is an Indicating Pilot, with set point and process variable 
point on the same dial. It also offers: 

e Standard proportional band of 1-100% . . . also available to 150%. 
@ Band is quickly adjustable. 

e Self-contained all-metal relay (1'/, cfm), easily field adjusted. 

e Readily accessible manual reset. 

@ Compact (8°/\»"’ sq. x 4’’ deep) for ease in panel or field mounting. 

In operation, the USG Pilot provides a pneumatic feed-back 
circuit with sensitivity of '/\9% and repeatability of '/;%. Available 
in a variety of temperature ranges, pressure ranges from 0-30’’ H,O 
to 0-10,000 psi, and in vacuum ranges of 0-30" Hg., with standard 
control action either proportional 1 to 100% or differential gap. 
Automatic reset with proportional (1 to 150%) optional. 

For complete data on USG Pressure Pilot write your valve 
supplier today. USG’s creative engineering has developed a line 
of process control instruments that includes temperature and pres- 
sure recorders and controllers, pneumatic transmitters and receiver } 
gauges. Write for descriptive catalogs. 





VIBRATION MONTTOR 


Free of electronics and yet immune to 
the starting vibrations of rotary equip 
2 ment, this vibration monitor is adjust 
T D & ible through the range of 0-2 g’s. It’s . 
U N 1 £ > s TATE = to A u G offered in an explosion-proof housing 
e447 VA Division of American Machine and Metals, Inc. lhe Beta Corp., Richmond, Va 


Sellersville, Pa. 


Home of the SUPERGAUGE Circle No. 45 on reply card 
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RELIABILITY 


Dependable performance is a quarter-century tradition at Motorol: 
the world’s largest exclusive manufacturer of electronic equipn 
Under subcontract to Convair, Motorola engineered for reliability, ar 
is now producing the guidance equipment for the Navy's new 


all-weather anti-aircraft missile, the ‘Terrier’ 


Positions open to qualified Engineers and Physicists 


Mi MOTOROLA 


COMMUNICATIONS & ELECTRONICS DIVISION 
National Detense Department 


2710 N. CLYBOURN AVE.+ CHICAGO, ILL.* Laboratories Phoenix, Arizona and Riverside, California 
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opportunity in Southern California for 


RESHARCH SOCLENTisTs 
AND ENGINEERS 


stable, high-paying careers in the development 


of advanced digital computer systems 


Here, in one of the nation’s leading companies in the development of digital computers 
and electronic systems, you will have full opportunity to make research contributions 
at the most advanced level. You will enjoy the broad working freedom of a small, select 
research group and stimulating association with other highly qualified computer special- 
ists. You will also enjoy the security afforded by a parent company of international 
stature. Because most activity is in development of equipment for worldwide commercial 
markets, stability is assured. The program is a continuing one. Ultra-modern, air- 
conditioned plant in a pleasant Los Angeles suburb, Full schedule of benefits. 


SENIOR PROJECT ENGINEER, TRAN. 
SISTORS —To direct project on evaluation 
of new developments in the transistor field 
for applications in digital computers 


SENIOR ELECTRONIC ENGINEER, 
STAFF ANALYSIS — To investigate and ana- 
lyze new techniques and components for 
systems applications. Must have M. S. and 
minimum of 2 years digital computer 
experience 


SENIOR MATHEMATICIAN, STAFF 
ANALYSIS —Ph.D. and minimum of two 
years related experience for staff analysis on 
advanced digital techniques and new 
components 


SENIOR ELECTRONIC ENGINEER, 
MAGNETIC CIRCUITRY —For advanced 
research in magnetic circuits and materials 
for systems applications. 


—| 


| 
| 
| 
| 
| 


_ 


Additional inquiries invited from scientists & engineers interested in the following fields 


related to digital computer research 
research in 
ferroelectrics 


applications of ferrites, magnetic devices & materials, 
ogic, solid state physics, magnetic recording, cathode ray tube devices, 


For illustrated company brochure, write Director of Industrial Relations 
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THE NATIONAL CASH REGISTER COMPANY 
ELECTRONICS DIVISION, 
1401 East Ei Segundo Boulevard, Hawthorne, California 


*rmac EMARK REG. U.S. PAT. OFF 





NEW PRODUCTS 





5-MILLIWATT RELAY 


Manufacturer claims that this 5-milli 


watt relay operates with thorough wip 
ing action to eliminate bounce and 
keep contacts clean. ‘Type 100-D can 
be had with coils up to 30,000 ohms 
and dpdt contacts which will handk 


up to 1 amp. Its life is measured in 
millions of cycles Hedin lel Tech 
nical Corp., Livingston, N. J 


Circle No. 46 on reply card 





PLUG-IN TIMER 


his synchronous-motor-driven 
trips three sets of contacts 


timer 
open OI 
closed after adjustable time intervals 
Over 100 timer operating combina 
tions are possible. Units are available 
to 120 hr 


for time ranges from 0.3 s¢ 





ew simplified approac 
0 temperature contro 
as superior reliability 


Edison Reverses Trend Toward Complexity 
In Aircraft Accessory Systems 


Proved in service on the Douglas C-124 Globemaster, the Convair delta 
wing F-102, the Boeing B-50 and many other operational aircraft, the 
Edison simplified temperature control now reverses the trend toward com- 
plexity in aircraft accessory systems. 

Compact and lightweight, this highly reliable temperature control uses 
only standard electro-mechanical components—no electronic equipment. 
Its design simplicity eliminates costly maintenance training. The instru- 
ment’s checkout procedure is familiar to any electrician. 

This basic control teams up with the rugged Edison Fire Detector Cable 
or with any of Edison’s accurate Resistance Temperature Detectors to warn 
of fire in engines and baggage areas or to signal dangerous temperatures in 
bearings, heating ducts or oil lines. Simultaneous or selective temperature 
indication is optional on all overheat detecting systems using RTD's. 

Edison field engineers with years of aircraft experience are located in 
Ft. Worth, Dayton, Glendale, Chicago and West Orange. They will gladly 
analyze your temperature control problems and recommend action. Just 
write any of these offices and let us know your requirements. 


Chao 0 Bane 


A GREAT NAME CONTINUES GREAT NEW ACHIEVEMENTS 


Thomas A. Edisom 


INCORPORATED 
INSTRUMENT DIVISION * 38 LAKESIDE AVENUE * 


WEST ORANGE, NEW JERSEY 


SEPTEMBER 


SEPTEMBER 


1956 


1956 


£99 
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There is no one “‘cure all” for system instability. The desired stability of a 
servo loop is attained through the proper selection of ris mw: that satisfy 


the various conditions under which the loop will operate. 


earfott offers four 


basic motors and combinations for providing system stability. All feature high 
j 6 %) ) £ 
speed of response; low inertia and high stall torque. 


SYSTEM 
STABILITY 


(shown * size) 


SERVO MOTORS: Servo motors with high torque 
to inertia characteristics possessing (built-in) 
inherent damping ranging in size from %" to 
1%" diameter are available Low speed, low 
power motors for use in simple instrument servos 
where high damping and/or low time constant is 
required can also be provided, 


VISCOUS DAMPED SERVO MOTORS: Provide 
integral viscous damping for simple instrument 
servos. Any degree of damping can be provided 
These units reduce no load speed of standard 
motors to 50% or 75% of normal, providing 70% 
or 50% of critical damping respectively 


(shown “4 size) 


(shown ‘a eine) 


KEARFOTT COMPONENTS 
INCLUDE: 


Gyros, Servo Motors, Synchros, 
Servo and Magnetic Amplifiers 
Tachometer Generators Her- 
metic Rotary Seals, Aircraft Navi 
gational Systems, and other high 
accuracy mechanical, electrical 
and electronic components, 


INERTIAL DAMPED MOTORS: [nicgral inertial- 
ly damped motors for use in high speed and/or 
high gain servo systems—damping on acceleration 
or deceleration basis with little loss in normal 
no load speed, These units make possible system 
cut off frequencies up to 25 cps using magnetic 
amplifiers 


SERVO MOTOR TACHOMETER GENERATORS: 
For system stabilization by voltage feedback from 
an integral tachometer generator. May be ob- 
tained as damping generators for use in simple 
rate servos or as rate damping generators for use 
in very high gain systems. The latter feature high 
linearity, high output and maximum output to 
fundamental null ratios 


These servo motors are suitable for most exacting 


requirements. Write today for descriptive bulletin 
giving data of components of interest to you. 


earfott 


KEARFOTT COMPANY, INC., LITTLE FALLS, N. J. 


Soles ond Engineering Offices 1378 Main Avenve, Clifton, M. J 


Midwest Office: 188 W. Randolph Street, Chicago, Ili 


South Central Office: 6115 Denton Drive, Dalles, Texos 


West Coos Office: 253 N. Vinedo Avenve, Posodenc, Colif 
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Use of a threaded axl 
keeps errors within 1/60 
ec dial. ‘The 
facilitate plug-in cont 

Signal Corp., Moline, II] 


Circle No. 47 on reply card 


pimon 


in-line t 


PRESET CONTROLLERS 


live models of this de int and 
control 100 to 1,000, ents in 
prese lected Photocell 
magnetic coils, swit ind tran 
for th ontroller, 
batchin id packag 
length Compute 
North Holly 


qu intiti 


ducers can sens¢ 
which regulate 
mg or stock 
Measurement 
wood, Calif 


Circle No. 48 on reply card 
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WORLD’S SMALLEST RELAY 


Believed to be the 
witching device, thi relay 
oz and measure , 

It has been tested to million 
operations without failur Availabl 
from stock with a 2,000-ohm coil, it 
hould find wide use in miniature con 
tro] systems The tin | shown 
above is wound with about 6,600 
turns.—Elgin National Watch ¢ 
Klgin, Il 


Circle No. 49 on reply card 


malik 


DUAL SERVO BALANCER 


\ compact all-clectron » balances 


provides transducer 
handles multi-channel ac 
Output is the sum of tl 
the input plus a signal 
to the amplitude of th 
a 0 to 180 deg pha 

the input ran 
Culver City, Calif 
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Millions of strokes 


that’s how Decco’s 
New Oil-immersed Solenoid 
can perform for you 


Decco’s OIL-IMMERSED solenoid is so superior in performance 
and dependability, it is in a class by itself. Here are some of its 
outstanding features: 





2. Unbelievably little wear. 


4. Operates 35° to 50° cooler than standard types. 


6. Solenoid is completely sealed in compact, die-cast 
housing. 


8. Shock-mounted in two directions. 


\ 


@cco Decco Standard Solenoids are built in a 
complete range of sizes and types. Write 


for complete information 


SOLENOIDS 


OMPANY 


2435 HILTON ROAD, FERNDALE 20, MICHIGAN 
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You Can't Beat 
a Bryant 
Drum 


Bryant magnetic Drums 


for semi-permanent storage of data in 
digital computers or for use as delay lines 


Designed to purchaser's requirements 

Guaranteed accuracy of drum runout .00010’ T.I.R. or less 
Air bearings or super-precision ball bearings 

Belt drive or integral motor drive, speeds to 100,000 RPM 
Capacities to 5,000,000 bits 

Vertical or horizontal housing 


Head mounting surfaces to suit 


High density magnetic oxide or electroplated magnetic alloy coating 


High Speed Motors, Spindies and Drums 


Bryant designs and manufactures electro-mechanical 
components for precision operation up to 200,000 
RPM, to your requirements. If you have a problem in 
applying high speed rotating equipment to your prod- 
uct, write Bryant today. 


BRYANT GAGE and SPINDLE DIVISION 


P. O. Box 620-L, Springfield, Vermont, U.S.A. 
DIVISION OF BRYANT CHUCKING GRINDER CO, 
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NEW PRODUCTS 


POWER SUPPLIES 


PLUG-IN POWER UNITS 


A new series of power supplies for 
regulated plate, cathode, and filament 
voltages features building-block con 
struction. All units have test points, 
output voltage indicator light, voltage 
idjustment, and fuse holder on the 
front panel. ‘The filament power sup 
ph unit include 1 voltmeter and a 
clector switch for monitoring any on 
of the power supplic Servo Corp. of 
America, New Hyde Park, N. Y 
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INTEGRAL-MOTOR PUMPS 


Integral-motor design 
rotary air pumps allow 

than on former model I'he smallest 
model weighs 22 Ib, has 4 hp motor, 
ind delivers 1.3 cfm of free air at 
1750 rpm. Largest model will deliver 
3.8 cfm with 4 hp motor. Larger 
models have forced iit fan cooling 
Pump rotor on all models is mounted 
directly on the motor shaft.—Gast 
Manufacturing Corp., Benton Harbor, 
Mich 
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CONSTANT-SPEED MOTOR 


A new dc drive motor features built-in 
governor and gear train. Shaft speed is 
reduced from 7,344 to 1,836 rpm by 
the gear train and held constant to 
within plu or minus UV percent with 
loads varying from 1/12 to 1/30 hp 
ind input voltage varying from 22 to 
25 vde. Average efficiency is 48 pet 
cent; maximum current is 6.3 imp 
Complete unit weighs 24 lb and over 
all length with gear train and governor 
is only 5 13/16 in.—John Oster Mfg 
Co., Avionic Div., Racine, Wi 
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NEW Size 8 servo combination 


rivals Size 9 performance 


Here, no bigger than your thumb, is the smallest prac- 
tical servo control motor currently produced. Com- 
bined with Transicoi!’s new Size 8 motor driven 
induction generator, and powered by a new completely- 
transistorized servo amplifier, this motor offers you 
the unusually high torque-to-inertia ratio of 28,000 
radians/sec’. 

Compared with a Size 9 control motor—until now, 
the smallest practical unit available—Transicoil’s new 
Size 8 measures only 0.75 inches in diameter, 10% 
smaller, and weighs only 1.4 oz., 40% lighter. Yet it 
operates on standard voltages from 26 to 52 volts, and 
52 volts with center tap, at 400 cps, permitting push- 
pull transistor application. 

Hence, just as Transicoil’s introduction of plate to 
plate wiring eliminated the transformer, once neces- 
sary in servo systems, the Size 8 units and transistor 
amplifiers mark another milestone in miniaturization. 

This is just one more example of how Transicoil can 


Size 8 Motor Driven Induction Generator 
and Transistor Amplifier. All units of the 
Size 8 system have been designed for 
maximum performance in minimum 
space. 


solve your control problems whether they involve 
miniaturization or control complexity, and go on 
to manufacture systems and components of the 
utmost precision and accuracy. You pay only for 
results—on a fixed fee basis for equipment deliv- 
ered and performing properly. 

Technical data on the new Size 8 combination 
and the transistorized amplifier is yours for the 
asking. But you'll end up with a better system if 
you write outlining your servo control problem, 


TRANSICOIL CORPORATION 


Worcester, Montgomery County - Pennsylvania 
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From Point to Averaged 
Sample Measurement, Instantly — 


with the 


Duail-Source 
Betameter 









MACHINE 
* ial olmmection 





Now, Isotope Products offers unlimited versatility in radiation 
gauging with the Betameter. The new dual-purpose measuring head 
can accomplish either: (1) point measurement for detailed profile 
scanning, or (2) using a 12” distributed source, average strip meas- 
urement for automatic control. Thus, local point variations are 
minimized to give true average conditions, The point source measur- 
ing a width of 1/2’’can be used in either a fixed position or on a 
traversing setup to scan across the measured material. 


The dual-purpose unit embodies a continuous strip source and is 
easily adapted to both transmission or reflection type gauging. The 
source is collimated to either a strip or point by the use of a 3-position, 
fail safe shutter. 


All Isotope Products equipment is built to the same high standards 
to insure maximum durability and service with minimum mainte- 
nance. The Betameter incorporates the principle of Null Balance to 
achieve simplified electronic and installation requirements as well 
as to guarantee continued accuracy and sensitivity. 


W rite today for information on 
how Isotope Products equip- 
ment can assist you in your 
measurement and control 
problems 


Shown is an installation with 
a 14” strip source and a 12” 
measuring gap used to meas 
ure and control the quality 
of mineral wool iesaintion 


Our sales engineering offices 
are located in Los Angeles 
Philadelphia, Chicago, Buffalo 
Toronto and Montreal 





Atomic Energy in the 


t Service of Industry... 
isotope 
PRODUCTS 1708 Ni 


agara Street Buffalo 7, N. Y 
ISOTOPE PRODUCTS LTD., OAKVILLE, ONTARIO 
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NEW PRODUCTS 





DC POWER SUPPLIES 


(Germanium rectifiers are featured in 
four new rack model de power sup 
plies. Units, rated at 400 ma, have 
9c 29C¢ 29¢ CIC 
ranges of 125-325 and 325-525 vde 
Internal impedence is kk than 3 
ohms. All models include fuse failure 
indicators, oil-filled hermetically sealed 
transtormers, and moisture-proof 
chokes.—Lambda Electronics ( orp., 
College Point, N. Y 


Circle No. 54 on reply card 


HYDRAULIC POWER UNIT 


A low-cost, do-it-yourself hydraulic 
power unit delivers up to 12 gpm, and 
up to 1,000 psi hydraulic pressure 
Designed for easy assembly, the kit 
includes a 2 hp motor, geartype 
pump, relief valve, and 10-gal reservoir. 


The Rosaen Co., Hazel Park, Mich. 
Circle No. 55 on reply card 





MIDGET PUMP 


Simple design permits this new meter 
ing pump to be completely disassem 
bled for inspection or maintenance 
without use of tools. Stainless steel 
pump will handle a constant volume of 
liquid at any rate of flow to 18 cc/sec 
Pump is connected directly to motor 
which operates on 115-volt, 60-cycle 
ac. Motor is insulated for use in 
refrigerated atmospheres but is equally 
efficient under high ambient tempera 
tures—Mechanical Products Corp., 
Chicago, Il. 
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The “heart” that never breaks is the differential 
transformer, heart of Autronic Control System 
transmitters. 

Whether for measuring pressure, flow, level, 

’ or any displacement, you can’t match the rugged 
here S the heart simplicity of a differential transformer. There 
are no orifices... no vacuum tubes or transistors 
‘ , -.. MoO moving parts to cause shut-downs or 
that never fails Mf maintenance problems. In addition to its 
reliability under adverse environments, the 
differential transformer has many distinct 
Swart wout advantages over all other sensing devices. Among 
these are infinite resolution performance 
that’s linear to better than 0.1% of span... high 


Autronic signal — level... low impedance. . . ability 


to add, subtract or average signals 

Controls The military specifies differential transformers 
for the toughest assignments. How about you? 
You'll go all-electronic eventually—Go Antronk 
now with Swartwout, pioneer and leader in 
electronic controls, 





AUTRONIC® CONTROLS 


THE SWARTWOUT COMPANY on display at Booth 1711 


18511 EUCLID AVENUE Instrument Show, New York 
CLEVELAND 12, OHIO Sept. 17-21 
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SUBMINAX 





de me 1 
Regular TYPE N Connector 


| | Be 

















how SUBMinax® RF CONNECTORS 
SAVE SPACE & WEIGHT for VICTOR 


This 30 Channel 400 cycle Airborne Tape Recorder built 
by Victor Adding Machine Company is a successful 
example of miniaturization. The design called for one 
section of thirty-seven 50 ohm RF receptacles and thirty 
plug/cable assemblies. Victor achieved a space reduc- 
tion of 75% and a weight reduction of 83% by using 
AMPHENOL Subminax RF cable and connectors instead 
of comparable standard-size Series N connectors and 
matching cable! 


Your miniaturization projects can show equally dra- 
matic space/weight savings! Specify ampHenot Sub- 
minax! 


| 


: SUBNOORAL (OMMECTORS 
, ' ee 

; atte 

: % CATALOG 09 


| NEW PRODUCTS 


TIMING MOTOR 


Recent modification of the standard 
Synchron timing motors has stepped 
up the power of the 8 in.-oz motor to 
20 in.-oz. The modification was in the 
coil and rotor, both redesigned 
Motors are available with 2- or 4-hok 
mountings, and will operate in any de 
sired position.—Hansen Mfg. Co., 
Princeton, Ind 
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FINAL CONTROL 
ELEMENTS 


STAINLESS-STEEL VALVE 


A new valve is solenoid-operated at 
pressures to 3,000 psi. ‘The standard 
model is normally closed but can be 
modified to be normally open for pre 
sures up to 300 psi—Atkomati 
Valve Co., Inc., 545 W. Abbott St.., 
Indianapolis, Ind. 
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EXPLOSIVE VALVE 


Lightweight, normally closed, explo 
sive valve operates instantaneously by 
firing a small, completely contained 
explosive squib The combustion 
products are scaled in its explosive 
chamber, a solid integral diaphragm 
inside the valve body assuring a dead 
tight seal. Standard model has a maxi 
num Operating pressure of 5,000 psi 
1 proof pressure of 10,000 psi, and 
back pressure protection of 4,500 psi. 








how DAVIES puts magnetic tape to work 





you push the button 


With automation putting more 
and more information on magnetic 
tape, the tape equipment itself has 
become a fit subject for automa- 
tion. Which is why we developed 
automatically programmed tape 
equipment, The transport starts, 
stops, and rewinds automatically 
. . Scans any track or combination 
of tracks once or any number of 
times . . . automatically matches 
tape speed to requirements over a 
wide range . . . permits fast search 
and slow read-out . . . and all with- 
out human attention. It can also be 
programmed for continuous re- 
cording over hundreds of hours, 
recording on one track, rewinding, 
restarting, recording on the next 
track, etc., without attention. 

All this we can do with standard 
Davies shelf-type equipment. But 
if your needs are very special, we 
can also build to satisfy them from 
the ground up. 


what’s in a bump 


Vibration in an automobile is an- 
noying ... in a plane, worrisome 
... and in a missile, downright ex- 
pensive! Vibration, as a result, has 
been subjected to considerable 
and serious study. Should you ever 
want to analyze vibration, the first 
thing to do is catch the vibration. 
Whether you put a Davies re- 
corder in the vehicle (and they can 
be installed in missiles) .. . or at 
the other end of a telemeter link 
on the ground, somehow get the 
vibration on magnetic tape. Now 
you have a lot of complex waves, 
and you're ready to analyze them, 
a job best accomplished in the im- 
mediate vicinity of a Davies Auto- 


matic Wave Analyzer. Fed with a 
complex wave, it hands back a 
complete Fourier analysis, graph- 
ing every component from 3 to 
10,000 cps, and basing the results, 
depending on your whim, on either 
linear or square law response. 
We'll sell you the wave analyzer 
alone if you wish, but we'd just as 
soon work up the complete system 

. . recording equipment, repro- 
ducing equipment, analyzer . 
even the tape. 





Davies Automatic Wave Analyzer 


the voltage goes round and round 


Our dead time simulator is partic- 
ularly appreciated by analog com- 
puters in need of a variable time 
delay. In heat exchanger problems, 
for example, it can be rigged to 
accept a voltage simulating pump 
speed, and voltages representing 
temperatures at various points in 
the exchanger, from the computer. 
After delaying the temperature 
analogs for a time inversely pro- 
portional to the pump speed ana- 
log, back they go to a much re- 
lieved computer. 


where were you when? 


A thorough analysis of process 
failures can considerably reduce 


...inan automatic recorder, reproducer ... 
vibration analysis . 
. a casualty recorder 


.. a dead time simulator 


the chance of future failures. Thus 
the market for continuous logging 
devices in the process industries. 
But continuous logging facilities 
are extremely expensive if the in- 
formation they print is only impor- 
tant as it applies to events immedi- 
ately preceding an abnormal con- 
dition. For the job of closing the 
barn door only when a robbery is 
in the offing, we propose our Cas- 
ualty Recorder, which works like 
this: Conditions at critical proc- 
ess points are continuously re 
corded on the many tracks of a 
loop of magnetic tape, with loop 
length determined by the amount 
of hindsight desired. In normal 
operation, information is recorded 
on the tape, passes around the 
loop, is erased, and new readings 
are recorded. When an off-normal 
situation develops, information ts 
fed to suitable read-out devices be- 
fore erasure for later examination. 
While this system gives you only 
the data you need, that’s all you 
have to pay for 


COMPLETE DETAILS on the 
systems covered are available, But 
it’s difficult in booklet form to give 
any adequate idea of the seem- 
ingly limitless applicability of 
magnetic tape systems in data 
handling. We'll be happy to pass 
on what literature is available, but 
we'd rather discuss your data ac- 
cumulation, storage, or reduction 
problem with you directly. Just 
name the time and place 





LABORATORIES, INCORPORATED 
1072) HANNA STREET @® BELTSVILLE, MARYLAND 
Weesree $-2700 
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NEW PRODUCTS 
THE WRONG POT... 


CAN MEAN TROUBLE! 


Only 4-amp electrical current is 1 
quired to fire the squib. 3-in. pigtails . 
are provided as standard for electrical 
connections. —Conax Corp., Buffalo, 


ke # 
Circle No. §9 on reply card 





For the Lem pot, 


rely on DAYSTROM! 


Model 300-00 is the tiniest, precision-built, wire-wound 
trimming potentiometer this side of “Lilliput.” Despite its 
flyweight size, it easily handles exacting jobs throughout 
extreme temperature ranges. 

For higher resistance ranges, the Model 303-00 fills the 
using very little more space than the Model 300-00. 
The Potentiometer Division of Daystrom Pacific Corpora- 
tion is staffed with highly skilled engineers and technicians 
who dearly love to grit their teeth and come up with opti- 


bill 








SMALL-FLOW VALVE 
mum solutions to all kinds of potentiometer problems. SMALL-FI 
; lhis series of flow-control valves is de 
So, rely on DAYSTROM for your right pot! igned for working pressures to 6,000 
psi. The valves have a differential area 
Some outstanding characteristics: piston, which strokes fully in either 
direction in 0.75 sec and climinat 
Model 300-00 Model 303-00 need for loading regulator. Model 
Size . 0.5" squere 0.75” square that open or close on air failure at 
by 0.187” thick by 0.28” thick available. Offset globe or angle bodi« 
‘ah have body sections rotatable in 90-deg 
weg one 2 Qrome 7 grams increments for piping convenienc 
Resistance Ranges... 10 ohms to 50K 5K to 125K Che Annin Co., Los Angeles, Calif 
Circle No. 6Q on reply card 
Write today for literature on these or any of the many other pro- 


duction or custom-made precision potentiometers available. Names 
of local representatives on request. 


Openings exist for highly qualified engineers 





NEW GLAND DESIGN 





his streamlined hydraulic cylinder 


266 CONTROL ENGINEERING 











features a patented gland design 
lightening the end cap pre-stresses 
the snap-ring and prevents the gland 
from wearing the snap-tring groove 
Rod packing is independently adjust 
able. Heavily-chromed rods and alumi 
num alloy pistons prevent corrosion 
and scoring —Densmore Engineering 


Co., Compton, Calif. 
Circle No. 64 on reply card 





11.5-0Z TORQUE-MOTOR 


Featuring fast response and high out- 
put, this new torque-motor weighs 
only 11.5 oz and gives 8 lb of force for 
3 watts of imput power. Designed to 
drive hydraulic servovalves or similar 
mechanisms, it may be operated by 
electronic, magnetic, or even transistor 
amplifiers. Stroke is plus or minus 
0.010 in. and is proportional to input 
differential current. Standard operat- 
ing temperature range is minus 65 to 
plus 165 deg I, but a greater range is 
available—Raymond Atcheley, Inc., 


Los Angeles, Calif. 
Circle No. 62 on reply card 





SERVO VALVE 

light control servo-valve uses dry coil 
construction without sacrihcing pel 
formance. The new valve’s isolation 
diaphragm functions as a positive fluid 
barrier. The dry coil torque-motor is 
not immersed in fluid, hence buildup 
of magnetic particles is prevented 
line internal micronic filters furnish 
thorough filtration of oil within the 
valve.—Hydraulic Research & Mfg 
Co., Burbank, Calif. 
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GEN count switch 


for 


machine tools — 
feed pumps — 
metering 


PAID FOR BY SAVINGS MADE 
ON Just I TOOL 


Simply set this Hagen Count Switch to the number of opera- 
tions at which a tool should be changed. The count switch 
trips a switch after a preset number of electrical impulses 
...and thereby shuts down the machine automatically, Tool 
wear never reaches the point where tools must be ground 
down excessively to resharpen. That means increased tool 
life, reduced tooling costs and fewer rejects. Compare the 
savings on just one tool with the cost of this reasonably 
priced Hagen Count Switch. Chances are, the savings will 


be much greater. 


This Hagen Model 70 Count Switch has 72 dial divisions 
. . . 72 possible settings. Dials are available with up to 
54,000 counts. Accuracy: 1% of full scale range. Ideal for 
feed pumps and metering operations. Send coupon for 
Bulletin 780 — or data on the complete line of reset and 


repeating cycle timers and counters, interrupters and con- 


trol assemblies. 


MAIL COUPON TODAY! 


HAGEN MANUFACTURING COMPANY, INC. 
Dept. CE-956, Moline, Illinois 


{[] Please send free Bulletin 780 on Hagen Count 
Switch 

[] Send free data niers, timers, interrupters 
and contr 

NAME AND 1 


COMPANY 
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city i me STATE 


SEPTEMBER 1956 267 








translate flow 
... (lo pounds per hour 






/ 








'\\ \i ef Py airs revolutionary 


Computer -Measurements Mode! 202A 





YU 
ys 


TIME-FUNCTION 
TRANSLATOR 


Applications: 






y 
} Translating flow into weight as required 
for jet engine analysis is just one of 
the many uses for the all-new Model 202A 
TIME-FUNCTION TRANSLATOR, 
The 202A permits instant direct read-out 
/ of unknown quantities by translating 


Gallons per minute... one function of time into another 
into Gallons per hour function of time. It eliminates the need 
Gallons per minute... 
Pulses per second... 
y 


for conversion tables, graphs, charts, ete, 


SS SSE — 


into Pounds per hour The variable time base display may be 
illuminated or blanked at operator option, 

into Gallons per minute 

Total Count of Gallons or Pounds 

Tachometer Applications 

Direct Frequency Measurement 

~ Many Others 


The versatile 202A fills a long recognized 





need in elec tronic measurement, 


——= 


Write for complete information 
and detailed specifications on 
the Model 202A Time-Function 
Translator TODAY... 








\ nang eae ara 
\= NW VI ij] Wh iW }}} SPECIFICATIONS: 
1.100,000 cycles per second 
0-100,000 positive pulses per second om 
0.05 volt rms: 10-100,000 cps (5 millivolts optional) 
0.07 volt rms: 1-10 eps 
Positive pulse rise time: '/) volt or more per sec 
0.5 megohm and 50 mmf 

1 count + stability 
Short Term: | part in |,000,000 
Long Term: 5 parts per million per week 





Frequency Range: 


Input Sensitivity 


Input Impedance 
Accuracy 
Stability: 


0.001 te 10 seconds in 1 millisecond steps 
0.000! to | second in 0.1 millisecond steps 
(0.0001 to 10 sec. in 0.1 millisec. steps, 
0.00! te 100 sec. in 1 millisec, steps optional) 


Time Bases: 


Read- Out 
Display Time: 


Direct. Four digits. (Five digits optional) 
Automatic: Continuously variable, 0.) to 10 sec 
Manual, Until reset 


Power Requirements 117 volts + 10%, 50-60 cycles, 250 watts (50-400 cycles optional) 
Dimensions 177 Wn BY" Hu 13Y," O é 

od _ Weight 35 ibs. net 
Finish: Panel; Light grey baked enamel 


Case: Dork grey baked ename! 
Data Bubject to Change Without Notice 














*Model FL Flow Pickup, Courtesy-Waugh Engineering Co., Van Nuys, Calif, 





Computer-Measurements Corporation 
ee-w 5528 Vineland Avenue, North Hollywood, Calif. Dept. 84-) 
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NEW PRODUCTS 








QUICK-ACCESS VALVE 


his new solenoid valve features a r 
movable operating assembly which fa 
cilitates cleaning, and 
replacement of parts with the valve 
body still in the pipe line. Where 
flexible conduit is used, the electrical 
connections also remain intact. This 
feature should be particularly useful in 
chemical feed-lines where certain fluids 
have a tendency to form hard deposits. 
Quick access to the interior of the 
valve minimizes shut-down time, and 
the removable operating unit simpli 
fies servicing valves in the field.—The 
Magnatrol Valve Corp., Hawthorne, 
N. J 


inspection, 
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DUAL-OUTPUT SHAFTS 


The dual output gear box shown here 
CONSCTVCS space and in Ome Cases 














RELIABLE...because /\-9 Woe ue i a ee 


welded, 








crimped, 












Watch 
WIDE WIDE WORLD 
on NBC-TV 


Gemwerar 
motors 





The AC three-prong electrode receives three special treatments 


to give you extra reliability! Electrically WELDED to unitize 
it to the shell! Mechanically CRIMPED for additional strength! 
Induction-BRAZED with nickel alloy to form a solid metal-to- 
metal protective seal! These special processes are your insurance 


of spark plug reliability. 


In addition, each tip of the three-prong electrode flares out to 
a broad base. This feature conducts heat away from the electrode 
rapidly to reduce erosion .. . makes cleaning casier and more 


effective when plugs are reconditioned, 


Get the extra reliability of AC Aircraft Spark Plugs for the 


planes you fly. Insist on AC! 


SPARK PLUG ‘“G2p THE ELECTRONICS DIVISION OF GENERAL MOTORS 


aircraft spark plugs 
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for major digital computer R&D laboratory 


in Los Angeles 


The Electronics Division of The National Cash Register Company is a leading 
digital computer research and design organization. We have an unusual oppor- 
tunity for a man with a record of successful research achievement in our field. 
Chances are he is bumping his head against the ceiling in his present job, and 
deserves an opportunity to move on to something big. With us, he will have 
every opportunity to become one of the country's foremost digital computer 
research heads. He will be technical and administrative head of a continuing, 
long-range applied research program covering magnetic devices and materials, 
applications of ferrites, research in logic, solid state physics, magnetic recording, 
cathode ray tube devices and ferroelectrics. He must be able to determine the 
direction of the program and sell his recommendations effectively to top 
management. The research program is a stable one, basically non-military, with 
extremely solid financial backing. The man in this job will enjoy exceptional 
creative freedom and will command every modern research facility for advanced 
work. We believe a qualified man between 28 and 38 will best integrate with our 
group. He need not currently be a research director, but must have proven 
supervisory ability. Minimum academic requirement is an M.S. degree. Spacious, 
new air-conditioned laboratory. Progressive management. Full benefits. 


Replies held in strict confidence. 


Write or contact D.P. Gillespie, 


Director of Industrial Relations Plymouth 7-1811 | 
| 
{ 


Waltonal, THE NATIONAL CASH REGISTER COMPANY 
—————— 


ELECTRONICS DIVISION, 1401 East El Segundo Boulevard, Hawthorne, California 


“TRADEMARK REG. U.S. PAT. OFF 
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NEW PRODUCTS 


eliminates a servo system which would 
be needed for a second output. A 
variety of ratio combinations 1s avail- 
able. Unit may be used where constant 
ratio exists between any two func 
tions: minutes/seconds, hours/min 
utes, days/hours, et Link Aviation, 


Inc., Binghamton, N. ¥ 
Circle No. 65 on reply card 





DIAPHRAGM VALVE 


Full-flow ports and diaphragm action 
cnable this valve to handle high flows 
with low pressure drop, suiting it for 
shutoff control of many liquids and 
gases. Design features provide positive 
operation in any position and operating 
pressures to 250 psi. Standard model: 
are available for air, water, gases, and 
light oils. Hot-water models are par 

ticularly suited for controlling water at 
temperatures up to 200 deg F. Valve 

are normally closed.—General Con 
trols Co., Glendale, Calif 
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SOLID-SHAFT MOTOR 


New vertical solid-shaft motors can 
be completely lubricated at any time 
without disassembly. ‘They are avail 
able in hp ratings from 1 to 10 and 
will soon be available up to 30 hp 
(hey are heat-seasoned to climinatc 
internal molecular stresses in motor 
castings. Motor frame, brackets, can 
opy cap, and outlet box are corrosion 
resistant cast iron. Motor windings 
ire protected with an asbestic com 
pound.——U. S. Electrical Motors, Inc., 
Los Angeles, Calif 
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Progress Report: 


HOW SCHRADER AIR PRODUCTS HELP 
INDUSTRY USE AIR IN AUTOMATION 


® More and more 
manufacturing plants Lee 
FOOT SOLENO 
are using air for effi- atest me 


ciency and economy | 

Air has always been an industrial tool, cay 

but its efficiency and economy are only PEDAL 

being fully realized in recent years. - 
Today, as industry takes giant steps to- 

ward automation, new ways of using air 

for automatic operations are being 

planned, tested and integrated into se- LUB 
quences in many different kinds of AIR-ATOR PRES 


manufacturing plants. FOOT 
PEDAL 


: CYLINDER 
EXHAUST 


SPRING 


- | 


Sometimes, when operations are 
automated, the “work” must be held 
and positioned—or moved—and scraps 
or chips cleared away. Other move- 
ments can be synchronized automati- 
cally. By adopting these and other vari- 
ations to make the steps automatic, 
more efficient operation can be ob- 
tained. In many cases, this can be done 
more economically with Schrader Air 
Control Products than in any other way. 


FOR EXAMPLE: 


@ Schrader Air 
Products perform 
5000 crimping 
operations per day 


The accompanying schematic drawing 
refers to a common operation pet 

formed by compressed air: box sealing 
One example of how air has made this 
operation more efficient can be seen at 
a New York arms manufacturing plant 
The use of air compression there has 
eliminated back-breaking foot power, 
reducing operator fatigue and simplify 

ing the operation. With air power, 5000 
boxes per day are sealed. This kind of 


Schematic shows typical use of Schrader Air Products for box crimping 


economy and efficiency is basic with ait 
In many cases it has made the differ 
ence between profit and loss 


@ Safety margins 
are widened by use 
of special Schrader 
control techniques 


Safety is built into Schrader Air Prod 
ucts. Their simplicity makes it easy to 
adapt techniques and features to opera 
tions with minimum cost and maximum 
effectiveness. Easy finger-tip and tip 
toe operation of tiring hand and foot 
movements 
production stepped up, with greater 
safety. Schrader has developed pack 
aged control sets to such a degree that 
much of the hazard of press operation 
is eliminated. Two-hand controls are 
designed so hands that feed the press 
must also operate the press. Both hands 
must be used simultaneously and can 
not stray into danger zones when rams 


Fatigue is reduced and 








FIRST NAME IN THE 


come down. Special controls can be 
worked out to provide safer control for 
shears, brakes, friction clutches and any 
machine using a mechanical clutch 


® Schrader engi- 
neering facilities are 
available to help you 


Upon request, Schrader engineers will 
assist in planning for the most efficient 
use of air in your plant, and in selecting 
the products best suited to a given ap 
plication. Distributors are conveniently 
located to deliver Schrader Products in 
the shortest possible time. Today, these 
products are being turned out in mass 
production quantities for scores of in 
dustries. New products are also being 
designed constantly as acceptance of 
Schrader’s know-how grows 

Write to Schrader for information 

Address A. Schrader's Son, Division 
of Scovill Manufacturing Company, 
Incorporated, 471 Vanderbilt Avenue, 
Brooklyn 38, N. Y 


USE OF AIR 
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When all the shouting is over and the last 
campaign speech has been made, isn’t this 
what all the struggle is really about? 

You and your neighbors are going to march 
to the polls November 6 and settle things the 
American way. 

Not by fists or by force, not with a penalty 
if you don’t vote, or the secret police checking 
up to see if you did. 

You'll vote because it’s the thing to do. 


Vote as you please, of course—but vote. 
Vote for the party and the candidates you 
honestly believe will represent you best. 
But also vote because you believe in this 
democracy of ours and you want to keep it 
the way it is—a country where you can have 
your say and nobody else can say it for you. 
Everybody you know 
will be there. 
We'll see you at the polls. 


VOTE NOVEMBER 6GthI! 
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NEW PRODUCTS 


COMPONENT 
PARTS 





MOTORIZED TRANSFORMERS 


Designed for applications requiring re 
mote control, variabk 
equipped with standard 
motors for 115-volt, 60-cycle operation 
Capacities range from 0.35 to 28 kva at 
115 or 230 volts. Lower voltages and 
50-cycle motor units are availabk 
Standard speeds of 6, 13, 26, and 45 
ec for full-range 


thes¢ trans 


formers ar 


travel are availablk 
model and clockwise and 
limit switches ar 
Standard Electrical Prod 
Dayton, Ohio 


Circle No. 68 on reply card 


on each 


counter clockwise 
standard 
ucts Co 
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3-WATT POWER RESISTOR 


Ihe axial-lead power-type resistor 
shown here is designed specifically for 
printed circuits where stability and 
overload capacity of wire wound r 
sistors is essential. Leads are spot 
welded to the end caps, and the entire 
assembly is encased in Vitrohm 
enamel. Rated at watts, the units 
have resistance values to 6,500 ohms, 
plus or minus 5 percent tolerance 


Ward Leonard Electric Co., Mount 
Vernon, N. Y 


Circle No. G69 on reply card 


thycon's 


ok fon] Mek Tete) J 5 


high 





11” deep 


for Standard 
19 
Relay Rack 













Rack Mounted Digital vVIivM — 
only 54%” high. Model 6158 has @ 
broad range of testing 
applications. Highly accurate and 
easy to read. 3-digit display 
reduces interpolation and parallax 
errors. For visual readout or 
printout applications 


HYCON ELECTRONICS, INC., Dept. 29 

AY 1 | P.O. Bin D i 
Pasadena, California | 

TODA y Send the latest cotalegs on Models 6278 and 6158 | 
| 

for latest tome | 
| 

catalogs! Address i 
City te | 
Piienendiseticindnedshenienteeerenaracasenimenamental —_ 
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HOW THERMISTORS CAN HELP YOU 


Maintaining Constant 
Lamp Brightness 

with 

GLENNITE® Thermistors 


Versatile GLENNITE Thermistors can help you solve your circuit design 
problems. For instance, in the schematic shown above, by placing a 
thermistor (T1) in parallel with the lamp, the brightness of the lamp 
remains constant because this thermally sensitive resistor com- 
pensates for voltage fluctuations in the circuit or ambient tem- 
perature variations in the lamp. By using another thermistor (T2) 

in series with the lamp, an effective time-delay is obtained, 
preventing current surges from blowing the lamp filament. 
Thermistors from Gulton Industries are now available for 
every application in a complete assortment of configura- 
tions and sizes including wafer, bead, probe, and rod 
units. Space-saving wafer thermistors, for example, 
occupy 1/5 the space of conventional types possess- 

ing the same power handling abilities, are made 

as small as .06”, and have temperature 

coefficients up to 7% /°C. 

If your project encompasses temperature 

compensating, controlling or indicating 

requirements, GLENNITE Thermistors 

can help you. And if you hove a 








design problem thot needs outside 
assistance, it's immediately avail- 
able from our field representa- 
tive without obligation 


Thermistor Division 
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NEW PRODUCTS 


VOLTAGE DIVIDERS 


These two new voltage dividers can be 
used with any synchroscope or cathode 
ray oscillograph with trigger delay cit 
cuit and input resistance of 300,000 
ohms or more. Used for critical view- 
ing of pulse shapes from magnetrons, 
pulse-forming networks, and radar 
modulators, the units are accurate 
within 5 percent. Model VD-35 has a 
35,000 volt peak and division ratios of 
200 to 1 and 50 to 1. Model VD-100 
has a voltage range from 250 to 100, 
000 volts and division ratios of 500 to 
1, 100 to 1, and 10 to 1.—Vectron, 
Inc., Waltham, Mas 


Circle No. 7Q on reply card 


NEW PHOTOTRANSISTOR 

Shown here is a miniature light-sensi- 
tive photocell for circuits using ac am 
plification for modulated light. It has 
1 germanium PNP alloyed junction. 
In spite of its small size, it will operate 
a relay. Spectral response covers the 
visible range and extends into the in- 
frared band. The photocell is useful 
in positioning controls, because it is 
sensitive to the relative position of 


the light source.—General Transistor 
Corp., Richmond Hill, N. Y 


Circle No. 7, on reply card 





a new ceramic capaciter 


designed specifically 
for printed wiring 


application 


@ Design problems for automatic placement 
heads are greatiy implified y the tapered 
edges and flat sides nit 


@ Strong mechanical mount is achieved by 


the solder connection of the silver electrode 


to the copper circuit 


@ “Wejcap” Capacitors represent the lowest 


, — ‘ ‘ possible unit cost for ec sirable quality 
These rugged, high performance miniature units will meet your in capacitor components a ffer perfect 


requirements in most coupling, by-pass and other general applica- pean the Dey a 
tions. Bulky lead terminals and outside covering are completely patra boaters 
eliminated. The dense, non-porous dielectric material withstands @ Developed by the producers of famous 
the most severe humidity conditions. General Electric “Thru-Con” Print Wire 


these units are the result of extensive 
development effort in cera c dielectric 


i | material by General Electric scientists 
tn - 


for full information write to 


cost I h volume 


Boards 








ENGINEERS with a lively interest 
in their own futures and the 
future of solid state components a, 

are invited to contact the . G E N E R A L E LE C T R I C 
Specia!ty Electronic [ 

Components Department. 





BSYECIALTY ELECTRONIC COMPONENTS DEPARTMENT 
W. GENESEE STREET, AUBURN, NEW YORK 
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MODEL K-200 


for all 
single tum 
Servo 
applications 
OF 
replacements 





you’re sure with 


resol on 
entiometers 


FEATURES: 

Ball bearing or threaded bushing mounting 
High resolution Kohlirausch resistance elements 
Independently phasable, multiple sections 
suitable for ganging 


SPECIFICATIONS: 


Power Ratings: dissipation, 4 watts 

Taps: Up to 12 taps, depending on spacing, +1 
standard tolerance 

Rotation: mechanical, 360° continuous; 
electrical, 356° +1° (or to your specs.) 
Rotational Life: over 1 million cycles 


WRITE FOR COMPLETE TECHNICAL LITERATURE. 

No obligation. Our engineering department can 
supply prototypes to meet unusual design 
specifications for tests and approval. Send us your 
specs for analysis. Electronic Sales Division, 

DeJ UR-Amsco Corporation, 45-01 Northern Blvd., 
Long Island City 1, N.Y 


POTENTIOMETERS 
INSTRUMENTS 
CONNECTORS 
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NEW PRODUCTS 


PLUG-IN PULSE CIRCUITS 


l'ransistorized plug-in pulse circuits, 4 


} 


in. in diam by 2% in. high, includ 
ing moulti-vibrator binary counter 

triggers, buffer etc, have tandard 
Noval plug for casv mounting. They 
will operate from on 3 to 12 volts with 
i maximum pulse repetition frequency 
of 40 ke. ‘The units are available with 
tandard environmental characteristics 
or are foam encapsulated for more 
severe conditions. Weights vary from 
14 to 17 gm ripl-T Electronic 

Co., Pasadena, Calif 


Circle No. 72 on reply card 


PRECISION RESISTORS 


Only 4 in. in diam by 4 in. long, these 
new resistors are ideal for printed 
circuitry or limited space applications 
'ype AW is rated at 0.25 watts and 
type BW at 0.5 watts. Standard toler 
inces range from | percent to 0.1 per 
cent, but tolerances of 0.05 and 0.02 
percent are available for application 
requiring matched resistors, such a 
analog computers or bridge networks 


Precision, Inc., Minne ipolis, Minn 


Circle No. 73 on reply card 


INDUSTRIAL X-RAY TUBES 


Designed for use in light-weight port 
ible x-ray tube heads, five new indus 
trial tubes featur« npactness and 
strength and have small focal spots 
Ratings range from 120 to 260 peak 
kv, self-rectified. Focal spots are from 
1.5 to 3.5 mm in diam.—Machlett 
Laboratories, Inc., Springdale, Conn 


Circle No. 74 on reply card 






















Electric, originator of the dial telephone, 
has been the leader in the development of “telephone 
type” control components for industrial use. The step- 
ping switches, relays and other contro! equipment shown 
n this catalog are essentially the same as those used 
in Automatic Electric telephone equipment. Experience 
has proved them to be most reliable and long-lived, 
requiring only a minimum of service and attention. 





STEPPING SWITCHES TO MEET EVERY REQUIREMENT 
Fast Stepping, Smooth Running, Positive Stopping 





























FOR COMPLICATED SPACE AND WEIGHT PROBLEMS Here's a 
small switch (444x2t4x#i”) with large capacity. By proper 
arrangement, this sturdy switch can provide 10-, 20-, or 30-point 
operation. One-coil design eliminates the needless cost of a 
separate release coil. Runs efficiently at 80 steps per second 
(self-cycling speed). Dependable, Type 44 rarely needs adjust 
ment in the field. This sturdy switch averages a life of 200 
million steps, may then need only a slight easyto-make re- 
adjustment. For any d-c voltage up to 110; or for 115 volts, 
60 cycles a-c, with rectifier. This switch is available with bank 
contact terminals to fit Aireraft-Marine Products (AMP) 


Series 78 “Taper Tabs.” 
— Faper Tab SPECIFY TYPE 44 








FOR LARGE CAPACITY REQUIREMENTS Available with 2 to 12 
twenty-five point, or up to 8 fifty point bank levels. Can be 
used with wipers arranged independently for 25-point operation; 
or in staggered pairs for 50-point operation, Operates at approx 
imately 70 steps per second for self-cyeling. Type 45 is the first 
large capacity switch with one-piece, single-sided open-type 
frame. Will average a life of 250 million steps, and then may 
require only a slight but simple readjustment. For up to 110 
volt d-c, or 115 volts, 60 eyeles a-c, with rectifier. Size 4 x 
54g” x6 (for 10 levels). This switch is available with bank 
contact terminals to fit Aircraft-Marine Products (AMP) Series 


78 “Taper Tabs.” 


SPECIFY TYPE 45 














FOR CAM-SWITCHING, ALTERNATE ON-OFF, OR STEPPING 


fy engineering by using this versatile unit to combine relay and 


Simpli 


stepping switch functions. It’s shock-resistant and compact. Use 
it for cam-switching to replace entire banks of relays and 
switches. You can also specify this switch to replace delicate 
latch-in type relays, even for applications subject to extreme 
shock, vibration and temperature changes. For stepping opera 
tions, stepping is high speed, accurate. Can be driven self 
interrupted to produce a time cycle, or for “homing.” Size 

31,"x2%e"x148” (for three cams). Height (last dimension) 


for one or two cams is 17s”; length for four to six cams is 514” 








SPECIFY SERIES OCS 





FOR COMPLETE INFORMATION on these Automatic Electric switching 


components, including mounting diagrams and ordering information, 
write for Circular 1698-PD. 


A HELPFUL GUIDE TO RELAY SELECTION 
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FOR DIMENSIONAL 
DRAWINGS, standard 
plug wiring diagrams 
and standard meth- 
od of contact spring 
assembly, write for 
your copies of Cir- 
culars 1600-1804 PD. 























FOR OUTSTANDING ENDURANCE AND DEPENDABILITY 


When extremely long service and reliable operation are demanded, this relay 
meets the requirements. Life often exceeds 400 million operations. Ideal for 
computers, fire control, pulsing or switching functions. Choose the Class B relay 
for the most exacting high-speed or marginal operations. For AC or DC operation. 





WHERE SIZE LIMITS RELAY SELECTION 


This compact relay combines unusual dependability and surprisingly long service 
life in a space about half of the size of the average relay of equal rating. Use it 
where space and weight saving are important. Has the same basic design character 


istics as the Class B relay. Can be used for high-speed or delayed operation 





WHEN FIRST COST IS IMPORTANT 


When you want relays that will hold down costs, yet provide dependable opera 
tion and long-life, specify the Automatic Electric Class A relay. This is the 


original “telephone-type” relay. A wide variety of coils, contacts, contact spring 


arrangements and mounting facilities makes this truly the “all-purpose” relay. 





FOR EXACTING MINIATURE APPLICATIONS 


Specify this relay for aircraft use, where a small, light relay is required, resistant 
to shock and vibration. Will meet all standard 10G vibration tests. Can be relied 
upon for fast pulse response because of its small mass and slight self-inductance 
Voltages shown are nominal. Series SQPC available for printed circuits. See above. 





FOR MAXIMUM TIMING WITH REDUCED SIZE 


Similar to Class A relay, but smaller and does not provide the same sensitivity 
and range of time delay characteristics or the exceptionally large number of con 
tact springs. Choose Class Z relays where a small, light relay is needed but long 
life or time delay is of greater importance than extremely small siz 





FOR LOW POWER CONSUMPTION ON A. C. 


Choose this relay where the number of relays required doesn’t justify a rectifier, 
where operate and release time delays are not a factor and where low power con 
sumption is a must. When operate and release timing is required, an inexpensive 


rectifier can be supplied for use with a d-c relay shown on this page. 





WHEN SENSITIVITY TO MAGNITUDE AND DIRECTION OF 
CURRENT ARE REQUIRED 


Series PHD and PLD are available for either “2-position” or “3-position” opera- 


“sn 


tion. Series PTW provides only “2-position” operation. “2-position” relays “stick” 
operated until current is reversed; “3-position” operation provides a neutral posi 


tion for the armature when no current is flowing. More on Series PTW—see above. 


PLUG-MOUNTING SOLVES INVENTORY, 
REPLACEMENT PROBLEMS 


More and more design engineers are specifying plug-mounted Auto- 
matic Electric relays. They find that plug-mounting often simplifies 
replacement problems, minimizes inventory and practically eliminates 
“downtime” for routine maintenance. All relays on this page, except 
the Series PHD and PLD, can be plug-mounted with a choice of 8-, 9-, 
12- or 20-pin plugs. Covers are available for most relays. 





FOR INFORMATION on 
Series SQPC Relay for 
Printed Circuits, write for 
Relay Highlights No. 9 


- 
=~ 





FOR INFORMATION on 
Series PTW Relay, write 
for your copy of Circular 





FOR MORE DETAILED IN- 
FORMATION about Auto- 
matic Electric relays and 
ordering information on 





























PD. aa. 1821 PD. assemblies, write for 
| ee Cirevlar 1702 PO. 
el 

SERIES OPERATING TIME, RELEASE TIME, MAXIMUM MAX STD. TYPE OF WEIGHT DIMENSIONS 

SECONDS SECONDS COIL VOLTAGE NO. OF CONTACTS CONTACTS (MAX.) IN, 
BOA 0.002-0.030 0.005-0.050 250 de 24 Spgs. 8-12 oz 4-3/32%2-3/16%1 
BSO 0.040-0.120 0.025-0.350 135 de **24 Spgs. Code 0-——18 ga. 8-14 oz 4-3/32%2-3/16%1 
BSR 0.004-0.035 0.035-0.600 135 de *6 Spgs. Twin 8-14 on 4-3/32%1-7/8 «1 
BSA 0.020-0.055 0.035-0.600 250 de *6 Spgs. 8-14 ot 4-3/32%1-7/8 «1 
BFA 0.010-0.025 0.008-0.020 230 ac 24 Spgs. 8-14 of 4-3/32 «2-3/16x«1 
BMS 0.010-0.030 0.015-0.050 250 de ***2 Form C Snap-action 7-11 of 4-3/32 « 2-9/32 « 1-23/32 

**Up to 0.600 sec. release time on BSO Relay with 6 springs maximum 
CQA 0.005-0.035 0.005-0.025 150 de 12 Spgs. Code 0——18 ga. 4 or 4-1/32 « 2-3/16%21/32 
Twin 
CSA 0.010-0.040 0.015-0.200 150 de 12 Spgs. Code 0-——18 ga 4 or 4-1/32 x 2-3/16 «21/32 
Twin 
CMS 0.010-0.035 0.010-0.050 150 de 1 Form C Snap-action 6 on 3-13/16%2-3/16%1 
AQA 0.002-0.025 0.005-0.025 250 de 26 Spgs. Code 4—18 ga. 8-12 oz 4-3/32 « 2-3/16«1-7/16 
ASO 0.040-0.120 0.020-0.250 135 de 26 Spgs. Code 4——18 ga. 6-14 oz 4-3/32 « 2-3/16%1-7/16 
ASR 0.004-0.025 0.020-0.350 135 de *6 Spgs. Code 4——18 ga. 8-12 ox 4-3/32x%2%1-7/16 
ASA 0.010-0.050 0.020-0.350 250 de *6 Spgs. Code 4——18 ga. 8-12 o: 4-3/32%21-7/16 
AWS ttUp to 2 0.005-0.025 250 de 1 Form A Code 4—18 ga. 7-11 of 4-3/32 « 2-3/4%1-7/16 
AVR 0.002-0.025 ttl to 15 250 de Special Code 4—14 ga 6-12 o2 4-1/4x2«1 
AMC 0.210-0.280 0.300-0.345 250 de 2 Mercury 12-16 of 4-3/4"3-1/16%3 
SL 0.002-0.030 0.005-0.100 +175 de 18 Spgs. Code 0-20 Twin 2- 40% 2-1/32 "2x1 
SQA 0.002-0.016 0.005-0.085 +115 de 9 Spgs. Code 0-20 Twin 2 ot 1-17/32 "211/16 
$QD 0.002-0.030 0.005-0.085 +115 de 18 Spgs. Code 0-20 Twin 2- J3oz 1-17/32"2u1 
sQPpc 0.002-0.030 0.005-0.085 T115 de 18 Spgs Code 0.20 Twin 2- 3oz 1-17/32 x21 
Type 18 0.002-0.025 0.005-0.025 12 of 24 de 10 Spgs. Code 9——18 ga. 4- 60% 2-1/2 %2-1/4"1-1/4 
Type 20 0.003 0.006 115 de 1 Break Code 4—18 ga. 3 on 2-3/16 "1-1/6" 1-1/16 
S-Power 0.005-0.016 0.005-0.010 115 de 1 Make Silver-Tung 12 oz 1-1/2 "1-1/2 "1-1/4 
ZQA 0.002-0.025 0.005-0.025 135 de 13 Spgs. Code 4——18 ga 4- 601% 2-1/2 « 2-3/41-1/2 
zso 0.010-0.050 0.050-0.150 115 de 13 Spgs. Code 4——18 ga. 4- 60% 2-1/2" 2-3/4«1-1/2 
ZSR 0.003-0.010 0.050-0.200 115 de *6 Spgs. Code 4——18 ga 4- 60% 2-1/2" 2-3/4x1-1/2 
ZSA 0.010-0.040 0.050-0.200 135 de *6 Spgs. Code 4——18 ga. 4- 60% 2-1/2" 2-3/41-1/2 
ZMS 0.010-0.040 0.005-0.200 135 de ***2 Form C Snap-action 8-10 oz 2-1/2 "2-3/6 "2-1/4 
ZFA 0.010-0.025 0.008-0.020 115 ac 13 Spgs. Code 4——18 ga 4- 60% 2-1/2 « 2-3/4"1-5/16 
FQA 0.002-0.025 0.005-0.040 To 230 (16-66 cycles) 12 Spgs Code 4——18 ga 9-13 oz 4«1-15/16%1-1/4 
BFA 0.010-0.025 0.008-0.020 To 230 (20-60 cycles) 24 Spgs Code 0-——18 ga 8-12 o2 4-3/32 « 2-3/16%1 
FMS 0.002-0.006 0.002-0.008 To 240 (16-66 cycles) 2 Form C Snop-Act 10-14 o2 3-1/2 «2-1/8 « 2-3/8 
FMC 0.298-0.333 0.290-0.350 To 240 (16-66 cycles) 2 Merc.-Glass 14-18 oz 4-5/6%23/42-3/4 
ZFA 0.010-0.025 0.008-0.020 To 115 (20-60 cycles) 13 Spgs. Code 4—-18 ga 4- 60% 2-1 «2-7/8 « 1-11/32 
PLD 0.003-0.010 0.022-0.047 350 de 6 each side Code 4—18 ga 28 ox 4«3-1/4«2 
PHD 0.006-0.027 0.065-0.075 350 de 6 each side Code 4——14 ga 27-37 ox 4-13/16%"2-3/4«3 
PTW Travel Time Approx. .0002 1 Form A Tungsten Carbide 2-7/6 "2-1/4%3-5/16 
*More contacts can be accommodated at a sacrifice of operating speed and springs max 
release time delay Higher wattoge obtainable with oversize 
Timing value obtained in conjunction with a series ASO relay and wired Note, Minimum operate time and minimum release time vally cannot both be 
revlt as specified in Automa Electric Catalog 4071 ecured on any one relay; a relay with minimum operate time om a sch the 
***With one snap-action switch and one open contact assembly with 6 


maszimum releas 


SEALED RELAYS INSURE BEST PERFORMANCE 


With hermetic sealing, the high contact rating and reliability of 


@ time for its particular type 


FOR DETAILED 


Automatic Electric relays can be fully utilized, regardless of the sur- DRAWINGS of all 
rounding atmospheric conditions. Hermetically sealed relays are safe popular Automatic 
Electric enclosures, 


from the dangers of human tampering, and severe conditions of dust 
and dirt, sand, high humidity, fungi, salt spray and reduced air 
pressure. To meet your requirements, many types of headers and a 
variety of sizes and shapes of enclosures are available. 


write for your copy 
of Catalog 4083 PD. 











KEY SWITCHES FOR EVERY NEED..... 





LEVER KEY SWITCHES are supplied for 
two-way operation, locking or non-locking on one 
or both sides. Maximum 24 springs in each posi- 
tion. If subject to shock, specify Shok-Lok switch. 


one- or 





TURN KEY SWITCHES are designed for applications 
requiring locking-type keys. Turnbutton operates 
springs. Also available as Button 
may be red or black. 


non-locking. 





ee 


INDIVIDUAL PUSH KEY SWITCHES require little space. 
May have | or 2 pile-ups with five springs each. 
Pushbutton cupped to fit fingertips. 
panels up to 1” 


Mounts on 
thick. Red or black buttons. 
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“QUICK-ACTING” PUSH KEY SWITCHES operate on 


a roller, providing fast, free action. Pushbutton 
can be engraved with a one-digit number. Mounts 


on panels up to 4 inch. 
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COMPACT STRIPS OF PUSH KEY SWITCHES provide 
groups of ten or twenty switches in a very small 
(11144"x'4"x4"). locking or 
locking. 


space Can be non- 


Buttons can be red, green or black. 





JACKS AND PLUGS for two- or three-conductor cords, 
are available for practically every need. Jacks can 
be sleeve-mounted or with fixed sleeves. Jack strips 
and multiple jacks also available. 
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ATLANTA 9, GEORGIA 
900 Peachtree Street Bidg., TRinity 2-2970 


BOSTON 16, MASSACHUSETTS 
Statler Office Building, HUbbard 2-1467 


CLEVELAND 14, OHIO 
815 Superior Avenue, N.E., 


DETROIT 2, MICHIGAN 
New Center Building, 


KANSAS CITY 8, MISSOURI 
2021 Main Street, 


PRospect 1-6226 
TRinity 5-551) 
HArrison 1-4720 
cre? 

ow \l 
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AUTOMATIC ELECTRIC SALES (CANADA) LTD. 
185 Bartley Drive, Toronto 16, Ontario 


FOR KEY SWITCH REFERENCE DATA, and a complete list of key 


switches and associated equipment, write for catalog 4018 PD 


FOR ADVICE ON SPECIFIC PROBLEMS .. - 


The specialized resources of Automatic Electric's laboratories and 
production facilities are at your disposal at all times. Simply call or 
write your regional Automatic Electric representative. 
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Distributor in U. S and Possessions: 


AUTOMATIC ELECTRIC SALES CORPORATION 


1033 W. Van Buren St., Chicago 7, Iil., 


In Canada: 


CIRCULAR No, 1843-C 7-56—50M—Merit 


HAymarket 1-4300 
Export Distributor: 


INTERNATIONAL AUTOMATIC ELECTRIC CORPORATION 


1033 W. Van Buren St., Chicago 7, U.S.A 
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When you measure 
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look to Tu oe 


0 to 10 minutes 
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AVALANCHE DIODE 
diode exhibit 
.» 
INTERVAL TIMERS 


The 1\ ilanche i 
sharp impedance reduction at a sp 
cific inverse voltage. ‘These diffused 
junction silicon diodes are said to have a iit, Ceas Retort eam 
e and higher power! : 60 seconds to two weeks with 

exactness. ) 


lower impedanc 
capability than any others previoush 
manufactured Breakdown voltage 

5-500-volt 


can be controlled over the 
range by varving junction impurity 
gradient; it is predictabh ind con 
trollable within 5 percent. ‘The inter ‘ 
curves on the oscilloscope ELAPSED 
of the “ava TIME INDICATORS 
5700 Series: Registers passage of 
/ time in minutes and tenths of 
minutes and hours with mathe la 


secting 
matical regularity. 
~‘ 


demonstrate abruptn 


Bell ‘Vclephone Lab 


lanche”’ effect 
New York, N. ¥ 


orator 
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TIMING MOTORS 
Compact HAYDON Timing Motors 

that can be operated continuously 

in any position drive all HAYDON ert on tr ye ere 
Timing Devices. HAYDON spe ft “ ible nhs 
cializes in timing; engineers and of if 
builds only timing components; 
has the “know how” to put time 


to work for you. 


MINIATURE 
As the photo 


pacitor has a mounted he ight 


4 in. and a 
with ing + +0) A 4 
A SUBSIDIARY OF GENERAL TIME CORP 
lee eee ne ee en enn nn a Os Os se sh 


in It mounts 
ideal for miniatur 
v AT TORRINGION 


threaded stud and 1 
Range is !.7 to 5 
HAYDON Manufacturing Coinpany, Inc. 


ized circuitry 
Designed to withstand vibra 
HEADQUARTERS FOR 
2333 ELM STREET, TORRINGTON, CONN 


mintd 
tion, shock, and humidity, the ca 
ence. ~=6| TEUMUING 

‘ catalog 
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pacitor 1 suitable for use H 
lherm a 
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« a 
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CAPACITOR 
how this t 
ft il out 
TAKE TIME NOW to write for the 
name of your HAYDON Timing Speciolist 
and for HAYDON Catalog. 


maximum diam of 


[} Send me “Electric Timing Devices 
Send me name of HAYDON Timing 


ry 
J 





mndition Cambridge 


Corp., Cambridge, Ma 
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MINIATURE DIODES 
U.S. Potent Office 
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when you need a 


SMALLER “POT” 


Try these for size and reliability... 


Series LT % 


Series LLT% 


Series RT/RTS 


Waters miniature and micro-miniature 
wire-wound precision potentiometers 


are famous for accuracy, ruggedness, dependability and fast delivery in 
commercial and military uses. They are precision-machined, with anodized 


aluminum bodies, line-reamed 


phosphor bronze, ball or 


jewel bearings, 


centerless-ground stainless steel shafts, and gold-plated fork terminals; fully 

sealed and fungus-proofed. To meet your requirements Waters pots can be 

furnished ganged, tapped, servo or bushing mounts, with various electrical 

and mechanical angles, optional shaft locks, anti-rotation pins, 0 rings, and 
custom shaft or servo dimensions. 


Series AP \/2 2 watts continuous 
at 80°C; resistances 10 to 100,000 
ohms, 5% tolerance standard; diam- 
eter 42", depth “2” standard, weight 
“% ounce; fully sealed for potting 


Series LT/LLT % One watt at 
80°C; resistances 100 to 100,000 
ohms, ball or jewel bearing, for use 
in computers, servos, and selsyns 
where minimum torque is required. 
Weight is only “% ounce; MAXI- 
MUM torque is 0.01 inch-ounce per 
section. Ganging to six decks, inter- 
nal clamps hold %&” diameter. Stand- 
ard linearity 0.5%, on special order 
0.25% above 1K; toroidal winding 
allows winding angles to 360°, stand- 
ard is 354°, 


Series RT/RTS se 3 watts con- 
tinuous at 80°C; resistances 10 to 
100,000 ohms; diameter %”, depth 
%”, weight 4% ounce; standard lin- 
earity 2%. 

Series AP 1'/e 4 watts con- 
tinuous at 80°C; resistances 10 to 
150,000 ohms; diameter 14%”, depth 
¥2”, weight less than % ounce; stand- 
ard linearity 1%. 


Waters has advanced facilities for 
the design and manufacture of min- 
lature toroidal potentiometers and 
windings for use in equipment of 
special design. 


Write today for complete informa- 
tion on all Waters potentiometers. 


APPLICATION ENGINEERING OFFICES 


MANUFACTURING, inc. 


ENGINEERING 


IN PRINCIPAL CITIES 


Ma 
Via 


NEW PRODUCTS 


offers economy of pa I niniatul 
Suitable for printed-board 


} 


power service, these units feature h 


ized system 


voltage and current ratings plus ope: 
tion in ambient temperature 
They 
to 200 ma, and invers« 
than 0.25 mi 
olt I ransit 1 | 
Mi lrose Ma 
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have forward 
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PRANSFORMERS 


Sever il new 
former 


voltage 
range trom | 
hold oufput voltage tov 
inahions up 
include te 


ror mput \ 
\pplication 


transmitter 


equipm nt 
diathermy machines, blu 
ind induction heating 
quipment. Units feature espons 
time of 14 evel low ext il stra 
ation between 
nd secondary Kederal ‘Tclephon 
ind Radio Co., Clifton, N. | 
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print machine: 


field, ind 1s prima 


SPEED REDUCERS 
Pictured 
of helical 
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ibove I Ol 

peed reduce 

) sizes and im single, de 
reduction bhev com 
itios from 1.25:1 to 

pacitics from | to 110 
Gear Works, Philadelphia, | 
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WIDE BAND ‘TOROIDS 


Three wide-band toroidal transfor 
have bee nN ck Vi loped D' Dui nt 
\ o-freaque 
ick jul l 
trv of digital computers, f 


Hit 
ipplic mon wm 


ter transmission, and 


Phe frequency band 


to | The 5 evck 


120 eveles to SOO ke 








Just tell us here at Master what you want in 
power drives—and get the utmost in flexibility, 
compactness and performance, It probably 
won't be as complicated as the multi-shaft Gear- 
motor illustrated here, with 14 shafts turning at 
diverse speeds. But, regardless of what you 
need, Master can supply the right combination 
of horsepower, shaft speed and mounting fea- 
tures with whatever Master components are 
required—all combined in one compact efficient 
unit. Just ask for information. 


Motor Ratings '% to 400 H.P. All phase 


Motor Types 
Construction 


Speeds 
Installation 


Power Drive 
Features 


.Squirrel cage, slip ring 





and fre- 


voltages 
quencies 

synchronous, repul- 
sion-start induction, capacitor, direct current. 
Open, enclosed, splash-proof, fan -cooled, 
explosion-proof, special purpose 
Single-speed, multi-speed,and variable speed. 
Horizontal or vertical, with or without flanges 
and other features 
Electric brakes (2 types)—5 types of gear re- 
duction up to 432 to 1 ratio. Mechanical and 
electronic variable speed units 


fluid drives 
every type of mounting 


ELECTRIC COMPANY, Dayton 1, Ohio 
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SHORT CIRCUIT-PROOF 


EXCELLENT STATIC and 
DYNAMIC REGULATION 


VERY LOW RIPPLE 


NO TUBES, 
NO MOVING PARTS 


ULTRA-FAST RESPONSE 


LOW INTERNAL 
IMPEDANCE 


Write for complete 


technical data 





= V4% REGULATION 
3-36 VOLTS, 15-AMPERE 
D.C. POWER SUPPLY 


Stablvolt® MR 532-15 D.C. POWER SUPPLY 


Exclusive MRC dual magnetic, tubeless circuitry 
efficiently isolates line voltage transients from the 

d.c. output, giving you precision regulation unobtamable 
with conventional magnetic amplifier-type voltage 
regulator systems. Circuit uses high-performance flux 
oscillators in connection with high-gain magnetic 
amplifiers, eliminating vacuum tubes, mechanical 
references and other delicate elements, and providing 
excellent dynamic and static regulation. 


The MR 532-15 is short circuit-proof. When short 
circuited, line current is automatically limited, protecting 
power supply from internal damage. Normal operation 

is resumed automatically —no re-setting of switches, 

no fuses, no downtime, Extremely wide voltage range is 
accomplished by means of static magnetic circuitry, 

No transistors—no variable transformers. 

A superior performer for industrial, laboratory and 
original equipment applications, Competitively priced. 


Model MR 532-15/SPECIFICATIONS Size: 17.5" wx 12.5" hx 15.5" d (also 


Type: Oual magnetic regulated 


avail. for 19° st’d rack mt.) 


input: Voltage Range 80-150V Weight: 150 # 
Frequency Range 57-63 cps 


Output: Voltage Range 5-32V DC 
Extended Range 3 114 3 
0-1 . 
30A DC Static: 


Current Range 
Short Circuit Current 


REGULATION 


Dynamic: 


Voltage Adjustment; Continuous with vernier t+ ¥a% for 80-150V less than 1% for 


Ripple: less than 50 millivolts 
entire voltage range 


Response time: less than 25 milliseconds for 


line transients 


line change 10% line transient 


t ¥a% for 0-15A less than 1.5V for 
load, 5-32V range 10% load 


max. 150 milliseconds for + 1% for extended transient 


load transients 


voltage range 


magnetic research corp. 


200 CENTER STREET, EL SEGUNDO, CALIFORNIA, 


Phone: ORegon 8-8921 


CONTROL ENGINEERING 


NEW PRODUCTS 


have 1:1 turn ratios for low power op 
eration and are available with pig-tail 
leads or solder lug terminals. The 
outer protective cover can be furnished 
as a varnish-covered tape wrapping, 
resin-dipped coating, or casting. Physi 
cal dimensions of two are approxi 
mately 1% in. OD by 4 in. high. The 
third toroid is approximately 13 in. in 
diam by 2 in. high.—Allen B. DuMont 
Laboratories, Inc., Clifton, N. J 
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VARIABLE DELAY LINES 


A new scries of continuously variable 
delay lines can be used as components 
or as test equipment. A single control 
shaft covers the entire delay range of 
each in 10 turns, while a lock-nut 
quickly converts the unit to a fixed 
delay component. Maximum delays 
range from 0.1 to 0.7 microsec; maxi 
mum rise times from 0.025 to 0.060 
microsec. Attenuation is said to be less 
than 1.0 db.—ESC Corp., Palisades 
Park, N. J. 

Circle No. 81 on reply card 


LOW-POWER POTS 


One-quarter-watt controls come with 
28 selections in resistance range 
from 1,000 ohms to 2.5 megohms 
Tolerances are 20 percent. Model JP 
has a plain 4-in. shaft, while model JI 
has a 4-in. screwdriver-slotted shaft 
These items are completely sealed and 
can be used in miniature amplifiers 
geophysical equipment, and guided 
missiles.——Centralab Div. of Globe 
Union, Inc., Milwaukee, Wis 


Circle No. 82 on reply card 


HIGH-TEMPERATURE PO! 
New potentiometer has been designed 
to operate at temperatures to 200 deg 
o The j{-in.-in-diam  servo-mount 
single-turn rotary unit is linear to 
within 0.5 percent and has resolution 
as high as 0.06 percent. It is rated at 
2 watts at 150 deg. C. It has a stain 
less-steel shaft on which up to six se 
tions can be mounted, and it is en 
closed in an anodized aluminum hous 
ing.——G. M. Giannini & Co., In 
Pasadena, Calif 

Circle No. 83 on reply card 


SIX-POLE COMMUTATOR 


A six-pole rotary switch and telemeter 
ing commutator has 12 contacts on 
each pole and contact resistances of 





testing Components with Burroughs pulse control systems 


modern methods fortesting cores 


The future of magnetic cores in information handling 
systems is already well assured. Their high reliabil- 
ity, fast action, small size, and low power consump- 
tion stimulate the imagination of more and more 
engineers working in data processing, weapons 
systems, and control. And every day finds these new 
components included in more new designs. 

One problem still facing those who want to exploit 
these exciting properties is the lack of precise 
uniformity in cores made on a production basis. 
For as Burroughs has found through 5 years of 
working with the pioneers in core applications, 
uncertainties still exist. And before cores become 
standardized, many changes will probably be made. 
Those who want to take advantage of the great 

TESTING TAPE-WOUND CORES potential in this new component now must use 
reliable test procedures which precisely check the 
tolerances of each core, and are versatile enough 
to check for the new core specifications of tomorrow. 

Burroughs Pulse Control Systems answer this 
need for leading manufacturers and users of cores 

tay by simulating the actual conditions under which each 
Loc) Se Gene core produced will eventually operate. When con- 
we ast —_ (aie on oe ditions require a change in core operating character- 


Polarity and 


Pues Potters ta SUSI « | Amobinde istics, the testing system is changed at will, in a 
Puls Patina n.d n : matter of minutes, to meet the new requirements, 


Current Driver Output to Core SUL, JUL; 








r | -* 
4 ‘ 


UJ 

















ate 
Current Oriver l 
Output To Core 


TESTING FERRITE CORES 


Shown here are typical examples of how these 
core manufacturers, including Burroughs own core 
production department, use Burroughs Pulse Con- 
trol Systems to check tape wound and ferrite cores. 
An interesting booklet describing core testing in 
greater detail is yours for the asking. But if you 
want to test another component by digital techniques, 
just send us your problem. We'll be glad to work it 
out, at no cost, and show you how Burroughs Pulse 
Control Systems can save you hours of engineering 
Electronic Instruments Division * 1209 Vine Street + Philadelphia 7, Pa time and production headaches. 
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Need a sub-miniature 
low-inertia Servo Motor 
or Servo Motor Generator? 





Type FV-112-11-Al , "Yer 


Type 


CK-1048-24-Al Motor Generator 
Motor 


Here are two brand-new ones 


»y Condlix” 








TYPICAL MOTOR CHARACTERISTICS 





CK -1048-24-Al | FV-112-11-Al 
Frame Size 8 | 8 
Voltage: Fixed Phase 18 volts 18 volts 
Control Phase 18 voits 18 voits 
Frequency 400 cps 400 cps 
Current*: Fixed Phase .095 amp. -095 amp. 
Control Phase .095 amp .095 amp 
Impedance:* Fixed Phase 190158+)1040hms | 190=—158+)104 ohms 
Control Phase 190 = 158+);104 ohms 190 = 158+)104 ohms 
Power Input* (Total) 3 watts | 3 watts 
Stall Torque .15 oz-in -15 oz-in 
No Load Speed 6300 rpm 6300 rpm 
Rotor Moment of Inertia 5 gm-cm? .8 gam-cm? 
Torque to Inertia Ratio 21,000 rad/sec* | 13,000 rad/sec? 
Weight 1.5 oz. 2.5 oz 
Operating Temperature Range 55°C to +100°C 55°C to +100°C 


*At stall with rated voltage applied to each phase 





TYPICAL GENERATOR CHARACTERISTICS 


Voltage: Input 18 voits 

Output .250 voits/1000 rpm 
Frequency 400 cps 
Linearity Y% of 1% up to 3000 rpm 
Input Impedance 178 = 135+j115 onms 
Recommended Output Loading 100,000 ohms 
Power Input 1.5 watts 
Null Voltage 15 millivolts max 
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These latest additions to the Eclipse-Pioneer line are now in initial 
production. They're another forward step in the continuing develop 
ment of Bendix components to meet modern space, accuracy and 
weight requirements. For full details, write stating your specific needs. 
DEPARTMENT A, ECLIPSE-PIONEER DIVISION, BENDIX AVIATION 
CORPORATION, TETERBORO, N, J. 


Let “by Bendix’’ be your guide to BUY BENDIX 


West Coast Office: 117 E. Providencia Ave., Burbank, Calif. 
Export Sales and Service: Bendix International Division, 205 E. 42nd Street, New York 17, N. Y. 


Ponee AVIATION CORPORATION 


DIVISION 


CONTROL ENGINEERING 











NEW PRODUCTS 


0.5 ohms. In a typi ition 
where an input of 1.5 ts is put 
through 150 ohms int S-mec oscil 
loscope, noise level is below 25 milli 
watts. ‘The hermetically-sealed assem 


bly contains a 400-cvcle, 115-volt, sin 
gk phase synchronous mot 1 13.3:] 


gear reduction system, and the com 
mutator assembly Instrument D« 
velopment Laboratori | Attle 


boro. Mass 
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PRECISION POTENTIOMETER 


A new series of 2-in. pot iccom 
modate up to eight sect vith 2] 
taps each, on a single shaft. ‘Total r 
sistances range from 0,000 
ohms, and linearity can | lose a 
plus or minus 0.1 t. Seri 
5600 is a continuou tation pot with 
clectrical rotation of 356 d lus o1 
minus 1 deg. It is hous limen 
sionally stable one-p tic cul 
and weighs onh Helipot 


Corp., South Pasadena, ‘ 
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ACCESSORIES 
& MATERIALS 





POROUS TUBING 


\ porous-walled Fiber xv tul 
ing could be the jut t yn 
tough design problems. $ degre 
of porosity are achieved t! h varia 


tions of the Frberglas wea epor 
formula, and impregnation proc 
The material weighs only | b/cu 
in. and is impervious t ost gase 
fuels, oils, and chemicals. Possi ip 
plications would be in class H motor 
housings, as internal spacers for el 
trolytic capacitors, and a t 
forms for potting and imp lating 
coils, resistors, terminal boar t 
Lamtex Industries, Inc Westbur 


N, ¥ 
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TUBE CLAMPS 


Ihree new tubc clamps of the Kool 
Klamp line are for use with button 
base or flat press T-3 tubes using sock 
ets. Each has a ridged base and socket 
mount to give maximum support and 
ooling under severe vibration and 
shock conditions. All but one can be 
ordered in 994 percent pure silver 
or beryllium copper The Birtcher 


Corp., | Angeles, Calif 
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BONDED LAMINATE 


Bonded with an epoxy resin, this sheet 
laminate features low water absorp 
tion, low dissipation factor, and high 
bond strength. Sheets 39 in. by 47 in 
are available with thicknesses from 
to 4 in. ‘The laminate can be supplied 
standard or with copper foil on one 
or both sides.—National Vulcanized 
libre Co., Wilmington, Del 
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CENTRIFUGAL BLOWER 


These centrifugal blowers for cabinet 
ooling service have 14-in.-diam per 
manent-magnet motors which give 
cither clockwise or counter-clockwis¢ 
rotation. Voltages range from 6 to 115 
vde. Air volume (at 0 static pressure 
ind 70 deg F) is 20 cfm for a typical 
unit. Approximate dimensions overall 
are 3 in. by 3 in. by 34 in.—Barber 
Colman Co., Aircraft Controls Dy 


Rockford, I] 
Circle No. 89 on reply card 





EAGLE 


Microflex Reset Timer 


FOR 
MACHINE 
AND PROCESS 
CONTROL 





NOW .. . quick plug-in connection! 


See that new-design terminal panel? Terminals are all in a row. 
So you can quickly and easily adapt the Microflex Reset Timer 
to plug-in connection. Simply use a Microflex Plug-In Kit, avail- 
able in all accepted variations. You can even rotate the terminal 
panel for rear connection 
any rewiring. 


(just loosen two screws) without 


Time settings of pinpoint accuracy are possible with the Microflex 
double dial. Through precision vernier action, one complete turn 
of the inner dial advances the outer dial just one division. That's 
a 20-to-l ratio, made possible by a patented Microflex threaded 
axle and pinion. Accuracies are obtainable to 1/60 second. Over 
150 timer operating combinations, plus a wide range of long or 
short time periods. The ideal timer for molding presses, dielectric 
heating, automatic mixing, die casting machines, machine tools 
and rubber curing. 


Write for FREE AUTOMATION BOOKLET and Bulletin 110. 


MAIL COUPON TODAY 


EAGLE SIGNAL CORPORATION 
MOLINE, ILLINOIS 


Microfiex Reset Timers 


NAME AND TITLE 
COMPANY 


AoconEss 


SEPTEMBER 1956 


industrial Timers Division, Dept. CE-956 


city zone STATE 





Please send FREE AUTOMATION BOOKLET 


and Bulletin 110 containing complete date on 
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the Simplest 
Diaphragm Pressure Switch 








WE BUILD IN 


WE DON’T USE 





EXTREME ACCURACY 
and DEPENDABILITY 


maintained during 
operating life due to 
direct acting design 


LINKAGES & BEARINGS 


which, as they wear, 
make the setting 


of the pressure switch 
_ Sig drift. 





OPERATION 
IN ANY POSITION 


which saves the installation 
costs encountered in mount- 
ing a switch that uses liquid 
switching elements. 


LIQUID SWITCHING 
ELEMENTS 


which make the switch 
difficult t mount and 
very critical to vibration. 





IMMUNITY 
TO VIBRATION 


you can mount the switch 
directly on your vibrating 
or moving equipment. 





ACCORDION 
DIAPHRAGMS 


which make the 
pressure switch 
sensitive to vibration. 





To get complete specifications and operating data ask for bulletins 420- 421 


BARKSDALE VALVES 


PRESSURE SWITCH DIVISION 


5125 Alcoa Avenue, los Angeles 58, California 


CONTROL ENGINEERING 


NEW PRODUCTS 


CABLE) WRAPPING 


New polyethylene cable wrapping can 
be quickly installed on wire bundles 
up to 2 in. in diam. Individual wires 
ire easily lead out or entered through 
the spiral cut. The wrapping forms 
the leads into a firm but pliable cabk 
Wires can be added, removed, or relo 
cated with ease.—Computer Control 


Co., Inc., Wellesley, Ma 
Circle No. 90 on reply card 





FLUID FILTER 


New oil-gas-air filter combines high 
eficiency with extremely low pressurc 
loss. The smallest of the four model 
recommended for variable-speed en 
gines and compressors has a capacity 
range from 800 to 3,500 cfm with a 
pressure drop of 0.6 in. water gag¢ 
it the minimum, and 4.8 in. at the 
maximum. The largest model for con 
stant-speed engines and compressors 
has capacities ranging from 16,500 to 
24,000 cfm with a pressure drop 
from 1.9 in. to 3.5 in.—Air-Maze 
Corp., Cleveland, Ohio. 
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SCOPE FILTER 


New optical filters for radarscopes can 
stop reflection on radar presentation of 
cathode-ray-tube instruments. They 
can trap between 98 and 99 percent 
of all reflections from surrounding win 
dows and light. When the reflection 
trap-filter is combined with a linear 
polarizing filter, the observer can vary 
the brightness of the display simply by 
pushing a knob without readjusting 
the scope.—Polaroid Corp., 730 Main 
St., Cambridge, Mass. 
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—that revolutionized 
an industry! 


SLIP RING & 
COMMUTATOR 
assemblies from 035° to 368 t= ASSEMBLIES 





An Unmatched Record of Pertormance 
Individual components Today, Electro Tec Slip Ring and Commutator Assemblies 
or complete ——— are the choice of leading aircraft, instrument, and component 
eee manufacturers throughout the world. Our units are selected 
and environ- for Gyro and Servo applications, for Telemetering and Radar 

devices, for Guidance systems, and Automation equipment 


mental speci- 
fications where sustained and reliable performance is a requisite 





Facilities Available to Serve You 
Plants in South Hackensack, N. J., Blacksburg, Va., and 


Ormond Beach, Fla., are currently producing a wide variety 


Uniformly hard rings, 
low noise, minimum 





friction and dimen- of Slip Ring, Commutator, and Brush Block Assemblies, 
sional stability Precision Selector Switches, and Miniature Relays. Complete 
Engineering Facilities and Branch Sales Offices in Los 
. ’ Angeles, Minneapolis, Chicago, and Waltham, Mass, are 

| geared to service your requirements 

\ Write for fully illustrated literature. 






"PATENT No 
2,696,570 


. ELECTRO TEC CORP. 


SOUTH HACKENSACK, NEW JERSEY 





PRODUCTS OF PRECISION CRAFTSMANSHIP 
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AUTOMATIC TANK GAUGES 


MAGNETIC DRIVE 
for HIGH PRESSURE 


2500C 


When you buy automatic tank gauges 
for petrochemical service — accuracy 
and safety are important requisites 
“Varec” offers you both. Accuracy is 
assured by counter and dial reading, 
clear and distinct—without the danger 
of parallax or difficulty of reading a 
scummy tape. Dependable safety is 
insured by the magnetic drive rotat 
ing the counter and dial reading 
mechanism, Remote Gauger Trans- 
mitter or other auxiliary equipment 
Prevents pressurizing sight glass 
chamber or transmitter housing. Iso 
lates both from corrosive or danger 
ous tank vapors. Sight glass is kept 
clear without use of wiper. No danger 
to personnel by vaneihle glass break 
age 

In addition to these exclusive features, 
the Fig. No. 2500C and Fig. No 
2500CR have a host of advantages 


1. Neg'ator motor for motive power 
2. S.S. type 316 sheaves 
Shielded type 316 ball bearing: 


All parts either 316 S.S. or pure 
aluminum natural electrical 
ground no plastic 5 


= 


~~ | 


Gravity compensator for product 
change 


Built to API Standard 2500 for 
custody transfer 


— 


PETROCHEMICAL 
SERVICE 


FIG. NO 


2500RC 


“Varec” Fig. No, 2500C is designed 
for gauging liquid level of chemicals 
stored in hi { pressure spherical 
tanks. Getens bead has heavy carbon 
steel flange to permit bolting for high 
pressure service 

“Varec” Fig. No, 2500CR is an in 
verted design of the Fig. 2500C, per 

mitting its use on all tanks, below or 
above ground, where top readings are 
required. Stainless steel tape connects 
from gauge head to float in a straight 
line, eliminating use of sheaves and 
brackets, thus reducing friction and 
promoting greater accuracy 

Both types are available in two oper 

ating pressure ranges: 150% p.s.i.g 
and 300# p.s.i.g. These are only two 
of a wide variety of “Varee” Auto 
matic Tank Gauges. All are designed 
to be combined with “Varec” Ele« 

tronic or Pulse Code Telemetering 
equipment, remote gauging, tempera 
ture transmission, automatic tank 
switching, and remote controls 

Send for “Varec” Bulletin CP-3007 
for information on the entire line of 
gauging equipment. 


961.15 


THE VAPOR RECOVERY SYSTEMS COMPANY 


y Compton, 


California, U.S.A. 


Cable Address: Varec Compton Calif., (U.S.A.), All Codes 
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NEW PRODUCTS 


CHECK VALVE 


Three basic check-valve designs are in 
corporated in standard AN & MS fit 
tings to create these valve which 
come il siz + ti Phe 
cover pressures from 0 to 5,000 psi 
between minus 65 to plus 275 deg | 
Ihe valves are manufactured as alumi 
num allov, staink teel, and tita 
nium units and conform to MIL-\ 
S524A sper Integral ¢ Hicks 
ville, N. ¥ 


Circle No. 93 on reply card 





HIGH-TEMPERATURE WIRE 


A newly developed high tcp if 
miniature lead wire is now available in 
cight colors in sizes from 34 awg to 20 
iwg. It is a solid wire, Teflon in 
lated, whose reduced diameter suits it 
for slip-ring assemblic Th lation 
is not affected by high molding tem 
perature Nitemp Wires, Inc., Min 
ola, N. ¥ 


Circle No. 94 on reply card 


PHREADED HYDRAULIC 


\ new thread fitting provides | 
cal of all hydraulic fluids without u 


SEAI 


of an O-ring. It allows minimum 40 
deg for positioning im port and 
quires no special cutting tools in ma 
chining LL & L Mfg. ¢ Van 
Dyke Mich 

Circle No. 95 on reply card 
CABINET FAN 
\ new electronic cabinet cooling fan 
19 in. wide by 104 in. high, has a twin 
64-in, centrifugal blower. Equipped 


vith a 4-hp double-shaft motor, it will 
move 800 cfm under normal operating 
hiter and 


conditions. A permanent air 


tainless steel grille cover the entir 
front of the unit McLean Enginee 
ing Laboratones, Princeton, N. | 


Circle No. 9G on reply card 








putting 





to work 





research at IBM 


@ Whisker Loader: allows accurate measurement of contact area 
between pointed .005’ diameter wire and semiconductor surface. 
IBM Bulletin No. 300. 


@ Thimbleful of Liquid Memory: using the nuclei of hydrogen 
to store information. IBM Bulletin No. 301. 


For bulietins, write to Dept. CE-9, IBM, 590 Madison 
rv Ae 


New York 


Whisker Loader 


Transistors area “natural” for computers 
because of their small size, long life, and 
lower power needs than vacuum tubes, 
While most transistors used today are of 
the junction type, some applications re- 
quire the point-contact type. In this 
type, the desired trace element is intro- 
duced into the germanium “heart” by 





passing a large pulse of current through 
the pointed wire—which contains the 
desired trace element and which is in con- 
tact with the germanium. The result: 
heat causes the element to penetrate 

or diffuse into the germanium. An im- 
portant problem in the development of a 
manufacturing process for this type of 
transistor was to determine—one at a 
time—the influence on the diffusion proc- 
ess of each of the various factors involved. 
Jim Hanson, of our Poughkeepsie Re- 
search Laboratory, tackled this problem 
and came up with some of the answers 
by using what he calls the Whisker 
Loader. This precision instrument which 
he developed makes it possible to place 
the point of a five one-thousandths inch 
diameter wire upon the germanium sur- 
face; momentarily press the point against 
the surface with an accurately determined 
force of several grams; remove the wire 
and measure and inspect the area of con- 
tact between the wire and the germanium 


with a microscope (as small as one hun- 
dred-millionth of a square inch); and 
then replace the wire on the germanium, 
in the same position it first occupied, for 
electrical pulse forming. Our knowledge 
and understanding of pulse-forming tech- 
niques have been greatly increased by 
the use of this instrument. 

A full report that clearly details test 
procedures, test results and other per- 
tinent data is available in IBM Bulletin 
No. 300, Write for your copy. 


Liquid Memory 


Put a small amount of liquid such as 
glycerine in a d-c magnetic field, apply 
radio frequency pulses, and one can 
obtain radio frequency “‘echoes”’ of the 
applied pulses! This is the essence of the 
spin-echo effect which has been used by 
IBM scientists to store information in 
liquids containing hydrogen nuclei. By 
proper combinations of r-f pulses, hun- 
dreds of echoes in “mirror order” or in 
“normal order” can be obtained. Refer- 
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Laboratories at Endicott, Owego, Poughkeepsie and Kingston, N. Y., and San Jose, Calif. 


DATA PROCESSING + ELECTRIC TYPEWRITERS 





TIME EQUIPMENT ¢ MILITARY PRODUCTS 


lve., 


ring to schematic below when a liquid 
containing hydrogen — such as water or 
glycerine —is put into the test tube and 
pulses of r-f current are applied to coil ce 
pulses will be produced across the termi- 
nals of coil R as shown. The pulses ¢),¢2, 
and e; are found only if pulses f), f2, and 
fs; have been applied and hence are 
called “echoes 

The effect may be understood in terms 
of the magnetic moments and angular 
momenta or spins of the hydrogen nuc lei. 
In the d-c magnetic field, the nuclear 
moments are aligned so that the net 
moment throughout the sample is parallel 
to the field. A weak r-f pulse tilts the net 
moment away from the d-c field, about 
which it then precesses But, due to in- 
homogeneities in the field, moments in 
different parts of the sample process at 
slightly different rates get out of 
phase with one another, and hence can- 
not be detected. The strong r-f pulse ro- 
tates all of the moments so that those 
which were farthest ahead in phase be- 
come farthest behind, and conversely, 
Subsequent precession brings the mo- 
ments back into phase, giving rise to the 
echo signal 

A research group at the IBM Watson 
Laboratory in New York City, headed 
by Robert M. Walker. has investigated 
this eflect and succeeded in storing a 
thousand “bits” of iniormation in a 
thimbleful of liquid. Some day this form 
of memory may be an important com- 
ponent of a computing machine, 

rhis method of storage based upon the 
principles of free nuclear induction is 
more fully described in IBM Bulletin 
No. 301, 


To learn more about career opportuni- 
ties available at IBM, write, des ribing 
M. Hoyt, 1BM, 


Room 2609, 390 Madison Avenu Vew 


York 22, N. Y. 
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partlow 


THE PIONEER IN MERCURY THERMAL CONTROLS 
Whether you make foods, plastics, metals or what 
have you there's a Partlow Temperature Control that’s 
just right for your own operations in the range from 


~30°F, to 1200°F 


Direct acting .. . interchangeable elements . . . accurate 


calibration long life low initial cost low upkeep 


For use with ges, oil, steam or water valves; or electrical 


equipment. SEND FOR CONDENSED CATALCG. 


See the Partlow Controls Display 
in Eooth 302-A at the ISA Show 


THE PARTLOW CORP., Dept. C-956, NEW HARTFORD, N.Y. 
Offices in All Principal Cities 
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NEW PRODUCTS 


ELECTRICAL SPAGHETTI 


Combining fine electrical and mechan 
ical properties, a new electrical 
sleeving insulation resists moisture, 
abrasion, and corrosive chemicals. Tub 
ing has a serviceable temperature range 
from minus 90 to plus 250 deg C and 
will not embrittle with age at ambient 
temperatures, Sizes available range 
from #26 to #8 in cut lengths or 
spools.—-Shamban Engineering Co 

Culver City, Calif 


Circle No. 97 on reply card 


INDICATOR LIGHT 


‘he tiny indicator light shown above 
has a filament sealed high in its own 
translucent lens. No focusing effects, 
magnifying lenses, or refracting devices 
ire required, Only ¢ the size of a bayo- 
net bulb, it is visible from any angle 
ind from great distance Che faceted 
lens is nonrefracting, preventing bright 
lights from causing false indication 

Snap-in or mounting-plate type basis 
ire available Alden Products Co., 
Brockton, Mass 


Circle No. 98 on reply card 


FEEDBACK FACT 


Problem: To give exhaustive tests to 
automobile engines under road condi- 
tions without actually driving a car 
through traffic for hundreds of hours. 
Solution: The Buick experimental labo- 
ratory fits a new Buick with equipment 
that tape-records the operation of an 
engine on a given trip, showing periods 
of acceleration, deceleration, idling, 
cruising, etc. The tape is then fed into 
a device which controls an engine 
mounted on a test stand, operating the 
engine as if it were being driven on that 
trip. The tapes can be used over and 
over, and the engines can be “driven’’ 
tens of thousands of miles, on cross- 
country journeys and through city traf- 


f 


fic, without leaving the laboratory 

















Servo trouble shooting 


with the Solartron Transfer Function Analyser 


@ Tests - DC or Instability, backlash, underdamped response — all these 
anaemia problems can be identified, measured and rectified with 
@ Plots high accuracy the aid of the Solartron T.F.A. Now adopted as the 
Nyquist diagrams standard British test equipment for all Guided Missile 
development and testing. It has recently been hailed in 
@ Covers 0.1 c/s to 1,000 c/s the U.S.A. as the world’s foremost servo test equipment. 


: Come d see us ot BOOTH 226-A at the I15.A. Sh t the Ne York Coliseum, 
@ Independent of harmonics, Sept. 17th-2i0. a te, ee 


noise & spurious frequencies it you would like @ demonstration, or further information on this equipment, cable 
us for a resident field engineer to visit you 


OTHER SOLARTRON SERVO EQUIPMENT 
@ Answers 6.M., fire-control, Servo Test Set JX 563 JX 603 Mechanical Reference 


simulator, computor, vibration, 1.8.A. Carrier Converter JX 341 ieoateahia 
magamp and all servo problems Synchrotest JM 555 JX 612 Sub Sonic Power Amplifier 


\ 
THE SOLARTRO ECTROMEICG GROUP LTD. 


Cables: Solartron, Thames Ditton. DITTON, SURREY, ENGLAND. Telephone: EMBerbrook 5522. 
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Continued from pag 


WE TEST EQUIPMENT [z= 
FROM THERMO ELECTRIC\ “, 





(147,400 sq ft), an instrument and 
computer center (75,000 sq ft), a 
centrifuge, a vibration-test building, 
several special-purpose test and utility 
buildings, a cafeteria-auditorium, and 





MiniMre Portable Indicator 


A midget-size portable potentiometer 
indicator —this compact, lightweight unit 
weighs under four ibs. and measures 
only 4"' x 5'' x 6"'. Yet it has a double 
scale 23/2 inches long! Standard range 
includes a scale of 0"-1800° F. for lron- 
Constantan and one of 0°-2400° F. for 
Chromel-Alumel. Other scales also avail- 


ample conference rooms. Director of 
the Atlas program is J. R. Dempsey 

> New construction in Pittsburgh 
Pa., for Westinghouse Electric Corp. 
Included are an addition to the new 
Research Laboratories and expansion 
of the East Pittsburgh manufacturing 
facilities. The new lab wing (150,000 
q ft) will house the Materials Engi- 
neering Dept., which is now located 
in East Pittsburgh. Principal ben 

ficiary of the East Pittsburgh expan 
sion is the Transportation & Gen- 
erator Div. Here new equipment will 
be installed, facilities rearranged, and 


able. Another outstanding feature—the 
“Mini Mite” serves a dual purpose! It 


can be used to measure temperature 
directly when connected to a thermo- 


couple, or, to check other potentiometer 








or millivoltmeter type instruments when 

used as a comparison instrument. A 
three-position switch permits quick selection of scale or elimination of 
cold-junction compensation. Write for Bulletin 64-B. 


additional space provided for produ 
tion of large generator 

P An Electronics Research & Develop- 
ment Center in San Diego for the 
Marvelco Electronics Div. of National 
Aircraft Corp. Under Manager James 
W. Browder and ‘Technical Director 
John P. Day, 20 senior engineers will 
work on systems incorporating tel 
metering, data-handling and display 
guidance navigation and computers 

P Other building developments: A 
new building (4,400 sq ft) for General 
Controls Co. in San_ Francisco 
elbow room (20,000 sq ft) for Data- 
matic Corp.’s 40,000-sq-ft plant in 
Newton Highlands, Mass.; new quar 
ters (24,000 sq ft) in Los Angeles for 
Telemeter Magnetics, Inc.; leased 
floor space ( 17,000 sq ft) in Westbury 
N. Y., for the Eastern Div. of Servo- 
mechanisms, Inc. 

>» Among the recent icquisition Uh 
Studebaker-Packard Corp. plant in 
Chicago by American Bosch Arma 
Corp., which will operate it as a 
Chicago Div.; Infra Electronic Corp. 
(servo and synchro motors, other air 


Other NEW T-E Instruments = re oa — ( — nn + ) bs 
“AutoRef" Cold-Junction Unit @ Portable Self-Balancing Indicator bree ‘ wala age "a8 “ "te eae 
Multi-Point Controller @ Standardized Ten-Point Midgit Monitor Div .; Allegheny Instruments Co. (pri 
Self-Balancing Indicator with Remote Selector and Digital Readout 


cision electronic equipment by 
Gulton Industries; contro! devices of 
See All These at the |. S. A. Show, New York Bergen Research Engineering Corp. 
Coliseum, Sept. 17-21, Booth No. 1324 by Robertshaw-Fulton Controls Co.; 
PIC Design Corp. (instrument com 
ponents) by Benrus Watch Co., and 


Ly Electronic Industries, Inc. (etched cir 

ey 144hh} ee ke Co. dec cuitry) by Consolidated Electro- 
SADDLE BROOK, NEW JERSEY  pamenoetaee is ae 

In Canada — THERMO ELECTRIC (Canada) Ltd., Brampton, Ontario ‘oh General Electric's clectronic busi 


nesses, which today account for mor 


Thermocouple Calibration Console 


This complete equipment package was designed for industries requiring 
frequent calibrations to maintain temperature measuring accuracy. Highly 
flexible in performance, it provides precision calibration of thermocouples 
and other temperature sensing devices, 

checking of portable standards, and the 

accurate indication of any millivolt signal 

for calibration or laboratory test pur- 

poses. Calibration 

range from 32° to 

2000” F. Write for 

engineering data 

EDS-23-8. 


ses ee eee ee eee 
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what’s 
on 


your 
mind? 





If it has anything to do with 
advancing the science of ballistic 
missiles you know you're needed... 
but the Place? We think we have 
it...a creative climate where 

ideas are King...and the benefits 
more than measure up to what you 
have on your mind 


For 56 years the men at Firestone 
have had plenty on their minds 
Recently it has been to key the 
development of the ‘‘Corporal”’ sur- 
face-to-surface ballistic missile. Now 
Firestone needs more men with more 
than hair on their minds...in more 


opportunities than we can list here: 


Ground Handling Equipment 
Component Design 
Electronics System: 
Mechanical Systems 
Propulsion Components 


Fight Simulation 


Take your mind firmly by the hand 
...write us today. A “mindy” man at 
Firestone wants to talk to you 


Firestone 


GUIDED MISSILE DIVISION 


RESEARCH *® DEVELOPMEN *MANUPACTURE 





‘*Kkind your Future at Firestone Lo j :  M 


e WRITE SCIianTiric STAFF OIRecrTroRrm, ue 
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ee tt 1 TS FES cnIPminicceINnNG 


Sub-Miniature 
otentiometers 


and 


aie 


2 Size, precision wire-wound, 


up to 250K, *.3°,, linearity 





setting new standards 
for dependability 
Tamil oMailialteistlap4ehitela 


Let the facts speak for themselves! ACE Sub-Miniature Precision Wire- 
Wound Potentiometers and Potentiometer Trimmers are the result of 4 years 
development and over a year of successful use by leading electronic equipment 
manufacturers. Users have conclusively proved that ACEPOTS and ACE- 
TRIMS meet requirements for space and weight saving compactness, while at 
the same time meeting MIL specs’ most stringent qualifications for perform- 
ance and dependability, Why invite trouble with untested components when 
you can protect your reputation with ACEPOT and ACETRIM .. . the 
subminiature potentiometers and trimmers proved in actual use. 





Condensed Engineering Data 
ACEPOT ACETRIM 


(potentiometer) (trimmer) 
Resistance Range 200 ~~ to 250K + 2% 10 ~- to 150K + 3% 
Linearity +3% t3% 
Resolution extremely high excellent 
Ambient Temperature ~ 55° C to 125° C* 55° C10 125° C 
Torque low or high low or high 


The above specifications are standard other valves on special order 


Available in threaded bushing, servo, flush tapped hole or flange mounting, and 
gonged units. All units sealed, moistureproofed, and anti-fungus treated. Meet 
applicable portions of JAN specs and MIL-E-5272A standards 


*New X-500 ACEPOT operates to a new high of 150° C. 











Expedited delivery on prototypes; prompt servicing of production orders. 
Send for Fact File and application data sheets, 


*ctrademarks applied for 


ACE ELECTRONICS ASSOCIATES 


Dept. C, 101 Dover St. ¢ Somerville 44, Massachusetts 
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WHAT’S NEW 


have grown too unwieldy to be man 
aged as one division. So they hav 
been plit into three divisions, cach 
with its own management and head 
quarter the new divisions into 
which Electronics has been divided 
are: Industrial Electronics, Electronic 
Components, and Defense Flec- 
tronics. 

Industrial Electronics in New 
York, comprises these department 
echnical Products, Specialty Con 
trol, and X-Ray. Departments unde: 
Electronic Components (Owensboro 
Ky.) are: Cathode Ray Tube, Semi 
conductor Products, Specialty Ele« 
tronic Components, Power ‘Tube, 
Receiving ‘lube, and Electronic Com 
ponents Sales. And those identified 
with Defense Electroni Svracusc) 
ar Aircraft Product Heavy and 
Light Military Electronic Equipment 
Naval Ordnance, and Spe ial Defers 
Products. DE also covers Aecronauti 
& Ordnance Equipment, Utilities & 
Relations; Laboratories, and Legal 
> Approved by stockholders without 
a hitch, the consolidation of Electro 
Data Corp. and Burroughs Corp. 
(Cth, May p. 36 has resulted in a 
new ElectroData Div. and a new vic 
presidency for Burroughs. Filling the 
new position is James R. Bradbur 
formerly president of the Consoli 
dated Electrodynamic Corp. afhliate, 
who will have his he idquartes it 
Pasadena, Calif., KlectroData’s hom 
Besides producing the high-speed 
gencral purpose Datatron digital com 
puter, the Burroughs division will 
oversee distribution of the Series | 
desk-size computer and the Series G 
high-speed tabulating, printing, and 
card pun hing equipment 
P iver since it had been announced 
that the various engineering socicti 
now headquartered in New York wer 
considering creating “a new and en 
larged Engineering Societies Center’ 
the biggest problem had been to find 
1 proper city for it. New York wa 
of course, considered, but until r 
centh cemed to be idetracked in 
favor of untried town Then the 
Special ‘Task Vorce of Fifteen, ap 
pointed by the societies to study thi 
situation, gave its report, and for 
gotten New York won impressivel 
he committee recommended con 
tinual use of the existing Engineering 
Societies Building, which spans 39th 
ind 40th Streets just west of Vifth 
Ave., but suggested that “if rebuild 
ing in that area proves impracticabk 
i comparable ite should then be 
sought in midtown New York’. And 


by calling for “ample optimism with 
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phragm pneumatic operators for use with 
butterfly, port, and burner valves 
133) SOLENOID VALVES. Automati 
Switch Co. Catalog 201, 32 pp. Contains 
pecs, picture nomographic flow charts, 
and valve selection charts for the Asco 
line of 2 3-, and 4-way solenoid valves 
Strainers and filters also noted 
134) THERMISTORS Fenwal Elk 
tronics, Inc. Catalog EMC-1, 12 pp. Pro 
vides an account of capabilities and appli 
itions of thermistors and a description of 
the new Fenwal line, including beads, rods 
dist vasher ind built-up assemblies 
135) VARIABLE FLOWMETER 
Fischer & Porter Co. Catalog 10-A-43, 4 
pp. This loose-leaf insert describes the F&P 
all-metal, high-capacity, variable-area lin 
carly-calibrated flowmeters, which handk 
60 to 4,000 gpm in 2- to 12-in. connections 
136) ANALOG COMPUTERS Berkeley 
Div. of Beckman Instruments, Inc. Short 
form catalog C-703, § pp Three new 
analog omputer and four control com 
ponents are described here, together with 
frequency meters, decimal counting units 
time interval and events/time meters, nu 
clear scalers, and nuclear sample changer 
137) WIRI WOUND RESISTORS 
International Resistance Co. Catalog data 
bulletin B + pp Gives comprehensive 
data types, construction, tolerance di 
mension temperature coefhcients, derat 
ing of insulated wire wound resistor 
138) DAT \ PR( ICI SSING ( onsoli 
dated Electrodynamics Corp Bulletin 
Z003A. 8 pp. Describes MilliSadic data 
processing systems and the component 
that go to make them up: converters, stor 
age units, control units, de amplifiers, 
time accumulators, et 
139) COILED CORDS. Koiled Kord 
Inc. Catalog 556, 12 pp. Demonstrat 
many industrial uses for the familv of 
retractile electrical cords exemplified by 
those on many telephon They will 
arry | to 37 conductors 
140) CORD COORDINATOR. — Essex 
Wire Corp. is giving away this gadget 
which is primarily a 4-section circular com 
puter enabling visualization of numerou 
ord set Ihe “Cordinator” also contain 
graphic cordage tables and wir capacity 
ind gage chart 
141) UNLOADING MACHINES 
Sahlin Engineering Co. Catalog, 16 pp 
Lh Iron Hand’ overhead pre uD 
loader and it portable counterparts for 
floor, turnover, and transfer operations al 
et forth here. Several alternate gripping 
jaws are also illustrated 
14 METERS AND GAGES. Hast 
ings-Raydist, In Catalog 13 
Presents d nptions, picture and price 
of air-metet vacuum gage manometer 
flowmeter ind clectronic standard cell 
143) BACK-PRESSURI CONTROI 
Industrial Engineering ¢ orp. Bulletin 544 
Cive pertinent data for Micro Delta P 
back-pressure control system, which boast 
quar Na ptr ure rr pons micro 
ond ontrol ind onstant pr ure 
throughout its range 
144) DEAERATION Cochrane ( orp 
Bulletin, 4 pp. Explains fundamentals of 
deaeration and its importance in water con 
ditioning. Also discusses application and 
idvantages of various method 


The fame that comes to prod. 
ucts because of Nautilus, Nike and 
the like will nefer be known to the 
new Sigma 11F relay. Instead, the 
11 holds promise of becoming The 
People's Relay, designed for and solely 
useful in Things to Help People. For 
example, the 11 might be notoriously 
unreliable for opening bomb bay 
doors, but on grounded garage doors 
it vorks to perfection. The same 
thing applies to such obercompli- 
katen items as radar scanners, anti- 
aircraft searchlights and drone mi 
siles the Volksrelay belongs in 
T-Fee antenna rotators, automatic 
headlight dimmers and remote- 
controlled toys. 

Nor can it efer be said the 11 
is only for the idle rich. Prices range 
from $1.95 (max.), to 75 cents (in 


automobile business quantities). You 


vouldn't expect ) . 20 
millivatts sensitivity ¢ ese prices, 


und you don't. Standard operating 


lefel of the Seri 11 50. Con- 


tacts are SPDT te un) 


ampere re tif 1 5/32 
' $/16 x { und light veight 
(1 oz are added feature To per- 


mit broad usefulne the 11 is afail- 


able in different mounting style 11F 
two tapped 


base; 11F4 


Dramatic Appl 
the 11, people-t 
are glorious 

you have one 
the VR 


ing for? 


SIGMA INSTRUMENTS, INC., 


69 Pearl Street, So. Braintree, Boston 85, Massachusetts 
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BOWMAR 


PRECISION 
ELECTROMECHANICAL ASSEMBLIES 


THREE SPEED SCANNING TROL ASSEMBLY; MOTOR 
GEAR BOX DRIVE ASS 3-GANG POT CONTROLS. 


Bowmar Instrument specializes in the design and production of cus- 

tom electromechanical equipment for modern control systems. IHu- 

strated are several such unique assemblies engineered and built by 

Bowmar. When you need unsurpassed precision and performance 

in similar devices, or in the precision components which comprise 

them, send us your requirements. Bowmar is represented in most 
_ major cities 


RADAR BOMBING ANTENNA 
INDICATOR COMPUTER CONTROL 
ASSEMBLY. CONTROL ASSEMBLY. 





edie 


FREE CATALOG ANGLE PRECISION MINIATURE PRECISION MINIATURE 
COUNTER SPEED REDUCER 1062. GEAR HEAD 1384-GH. 
1502. 


Kowmear INSTRUMENT CORP. 


2400 PENNSYLVANIA STREET « FORT WAYNE, INDIANA 
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respect to the future growth of the 
five societies immediately involved”, 
the Task Force indicated it be- 
heved New York would be l good 
place for the center for years to come. 
©The way has been cleared for con- 
struction of the first student-training 
reactor in Western Europe. Destined 
for Munich’s Technical University, 
the swimming-pool type reactor will 
be built by AMF Atomics, Inc., a sub- 
sidiary of American Machine & Foun- 
dry Co., under a contract signed by 
Prof. H. Maier-Leibnitz, director of 
the university's Laboratory for Tech- 
nical Physics, and Gen. Walter Bedell 
Smith, president and board chairman 
of AMF Atomics. Since it is the Ger 
man State of Bavaria that will make 
the purchase, approval was necessary 
from Frans Joseph Strauss, minister of 
atomic energy of the German Federal 
Republic. Ihe reactor will be the 
heart of a new Nuclear Research 
Center at the university where 
nuclear science studies already are be 
ing conducted under Maier-Leibnitz. 
AMF Atomics has similar contracts, 
in various stages of completion, with 
The Battelle Memorial Institute, 
Columbus, Ohio, the University of 
Buffalo, Industrial Reactor Labora 
tories, and the Rural Cooperative 
Power Association of Elk River, Minn 
P Instrumentation know-how for a 
nuclear power plant to be built by 
Atomic Power Development Asso- 
ciates, Inc., will probably be furni shed 
by Leeds & Northrup Co., since L&N 
is the only instrument firm in the 
nonprofit corporation. L&N’s recent 
entry into APDA bnngs the number 
of private companies that have pooled 
money and experience for research 
and design work on the power plant 
to 44. Victor S. Underkoffer of 
L&N's Research & Development 
Dept. joins the 86 other men on 
leave from their companies to carry 
out the project. The Power Reactor 
Development Co., another nonprofit 
group of compani vill construct 
ind operate the plant, to be located 
30 miles south of Detroit 

Also in the nuclear power field i 
L&N’s contract with Kaiser Engineers 
for the complete control system for 
the engineering test reactor (ETR) to 
be located at the National Reactor 
lest Station, Idaho Falls. Kaiser is 
prime contractor on the reactor 
> There'll be 8,500 more telephone 
lines in the Seoul, Korea, telephon« 
exchange when the “step-by-step” au 
tomatic dial equipment manufactured 
by Federal Telephone & Radio Co. 
is delivered and installed later this 





SEE IT DEMONSTRATED...! 


THE GREAT NEW ADVANCE IN 
MEASUREMENT AND CONTROL 
OF RELATIVE HUMIDITY 


SIMPLE - FAST - ACCURATE - DEPENDABLE 


EL-TRONICS 


HUMIDITY SENSING ELEMENT 


Based on an entirely new principle, the El-Tronics 
Humidity Sensing Element has found wide acceptance 
and application wherever relative humidity must be 
measured or controlled. Made of specially treated 
plastic... only %” wide, 1\%%” long, and '%” thick. 
Response to humidity change is rapid .. . repeat accu- 
racy is within 3% R.H. over a wider temperature range 
than formerly possible. Long term stability and mainte- 
nance of calibration under adverse conditions are 
additional features. 


WIDE VARIETY OF STANDARD EQUIPMENT FOR YOUR NEEDS... 


EL-TRONICS 
Laboratory 
HYGROMETER 


Precision 3-scale measuring in- 
strument. Can be used as sec- 
ondary standard. Ranges of 
40-100% (2% graduations); 20- 
50% (1% graduations); and 
10-25% (1 Yograduations), Accu- 
rate within +1% R.H. 


EL-TRONICS 

Portable 
HYGROMETER 
Lightweight and accurate. 
Battery-powered for use where 
a-c voltage is not available. 
Range: 20-100% (2% gradua- 
tions); 10-50% (1% gradua- 
tions). 2% calibration accuracy. 





EL-TRONICS 

Panel 

HYGROMETER 

For panel mountings in indus- 
trial applications. Inexpensive 
and versatile. Range: 20-100% 
(2% graduations); 10-50% (1% 
graduations). Calibration accu- 
racy: 4% R.H. 


EL-TRONICS. rnc. 


MAYFIELD, PA. 





EL-TRONICS 
Industrial 

HUMIDITY CONTROL 
An electronic relay available 
either witha differentialof +5% 
R.H. (Model 201) or a differ- 
ential of +1% R.H. (Model 
202). Range is 10-100% R.H 
Contact rating is ample for 
electrical equipment rated up 
to Yq hp. 


MaCTe 


Visit Our Booth 526-4 
ae ate a bio 


__v a? 
§ pap aa. 8 
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FERRANTI 


HIGH SPEED TAPE READER 














The Ferranti High Speed Tape Reader accelerates 

to full speed within 5 milliseconds and stops within 

8 milliseconds, It has been in use at leading computer 
installations for over two years and has achieved a sound 
reputation for simplicity and reliability in regular operation. 


| FAST ff 1) Mark II model reads at speeds up to 200 characters per 
second, and stops the tape from full speed within a character position — 
within .03 inch. The tape is accelerated to full speed again in 5 milliseconds 
and the following character is ready for reading within 6 milliseconds of 
rest position. 

(2) Mark IIA model reads at speeds up to 400 characters per second, 
and stops within .1 inch. 


LAL SY NEla se Both models read either 5 level, 6 level or 7 level tape 


by simple adjustment of an external lever. 


Ras 1. tape is easily inserted without complicated threading. 
Lap or butt splices are taken without any difficulty. The same tape may be 
passed thousands of times without appreciable tape wear. The optical 
system has no lenses or mirrors to get out of alignment. Friction drive is 
independent of sprocket hole spacing. 


LARGE OUTPUT Amplifiers are included for each channel, including 
a special squaring circuit for the sprocket hole signal. Output swing 
between hole and blank is greater than 20 volts, 


Dimensions: 9” x 114" x 11%" Weight: 37 Ibs. 
For use with long lengths of tape up to 1000 feet, spooling 
equipment operating up to 40 inches per second for take-up 
or supply is available separately. 


FERRANTI ELECTRIC, INC. 


30 Rockefeller Plaza New York 20, N. Y. 
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vear. F T&R, a subsidiary of Inter- 
national Telephone & Telegraph 
Corp., is also sending along a 60-posi 
tion toll board for long distance call 
The order for the equipment came 
from the U.S. Army Signal Corp 
Plo their new company, Scanlan- 
McMahon Associates, Inc., of Cleve 
land, Ohio, officials Thomas R. Scan 
lan and James F. McMahon hav 
brought extensive experi 


I 
design, installation, and operation of 


nce in th 


industrial proce ind steam-pows 
plant equipment. The firm will do 
consulting work in this area, centering 


ictivitics in process control and 


com 
bustion control systems in small te 
medium-size plant 
P'The job of tracking a guided mi 
sile along the 5,000-mile Florida-to 
Africa test range has gone to Con- 
solidated Electrodynamics Corp. ‘The 
$1.2 million contract awarded by the 
Air Research Dev lopment Command 
of Baltimore, Md., calls for magnetic 
tape instrumentation at more than 
100 strategic points on land and sea 
along the longest test range in the 
world Ielemetered data on inter 
continental missile peeding alon 
at from 500 mph to Mach 20 will b 
picked up by instrumentation de 
veloped through Cl Data'Tap 
program 
P'The inlet diffuser in a turbojet en 
gine is as critical as the engine’s fuel 
mixture or other factors contributing 
to its performanc because proper 
control of the diffuser assures maxi 
mum pressure recovery as shock wave 
form ahead of the inlet. Until r 
cently, however, this vital engine part 
has not received the attention from 
private industry that has been given 
to other facets of jet ntrol. But 
now, under a contract awarded by 
Wright Air Development Command 
i three part study by \linneapolis- 
Honeywell Regulator Co.’s Aeronau- 
tical Div. will look into all basic inlet 
types, determine inlet mtrol irl 
ibles, relate the inlet to other tem 
ind controls, examin lectrical, hy 
draulic, pneumatic, and ram air powe 
sources, simulate all condition 
computer, and design control 
ind power-actuation method 
> Douglas Aircraft Co.'s DC-S jet air 
liner was the recipient of two new 
flight development nth One 
was Sperry Gyroscope Co.'s electronic 
flight-control system, especially dé 
signed for the DC-§ It provide 
hands-off” precision control between 
100 mph and sonic speeds and at 
wide range of altitude Vhe 11 au 
lines that have ordered the SP-30 








how to simplify 


REMOTE CONTROL SOLUTIONS 
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STANDARD PLUG-IN MODULES now available from Sparton 5 BASIC SYSTEMS are available from Sparton: alarming 
feature time-proven communication concepts in flexible control (polarized d.c. pulses, tone, circuit make-break); discrete 
“building blocks”. control and supervision (polarized d.c. pulses, tone, time-coding 
These “off-the-shelf” modules enable positive remote supervision pulse-time coding): metering (both digital and analog data) 
proportional control (polarized d.c. signals, tone, d.c. pulses 

and control—for almost any problem—without excessive special : ; 
engineering or construction cost continuous d.c. signals); channel multiplexing (flip-flop, time 

. e sharing, multiplexed tones) 
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COMBINE WITH EXISTING CONTROLS for a tailor-made COMPLETE CONTROL CENTERS for remote supervision and 
solution to your needs. System blocked here, for instance, uses 10 control of any process, automated production line, substation or 
modules to provide remote pump start/stop, power failure and what-have-you are engineered and installed by Sparton, utilizing 
order disagreement alarm, pressure interlock, remote throttling Sparton modules, plus transducers, metering and control devices 
and remote flow metering. Ties into existing panel at master end supplied to strict specifications. Sparton assumes full responsi 
and existing controller at slave end bility for the integrated system 


This date may help solve G00 6 08 8888888888 SE 88 SS 88888888 SSC SSSSSSSCSESES45 
your problems. Check brochures 
you wish ond return 


Sparten 


CONTROL SYSTEMS 


[) Alarm Systems SPARTON CONTROL SYSTEMS DIVISION 
Discrete Control The Sparks- Withington Company 


Metering ; i 
Proportioning Jackson, Michigan 


Control 
{_] Channel 
Multiplexing 
{_] Waterworks 
Applications 
["] Petrochemical 
Applications 
] General industrial 
a Applications City Zone tate 


Name 
Company 


Address 
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CYLINDERS 


Saves 40% Space 


No Tie Rods... 
Greater Strength 


Differential axle loading through T-) Space- 
maker Air Cylinders forms a controlled walk- 
ing beam in this Tera-cruiser, designed and 
produced for the Army Ordnance Corps by the 
Four Wheel Drive Co., Clintonvilie, Wis. 


Weight of cylinders was important factor in 
choosing T-) Spacemakers, which reduce 
weight while providing same displacement and 
extra high safety factor. Fast delivery and space- 
saving features also favored T-J. Exclusive with 
T-) are new Super Cushion Flexible Seals for 
Air (to 200 P.S.1.) ... and New Self-Aligning 
Master Cushion for Oil (to 750 P.S.1.).,Hard 
chrome plated bodies and piston rods are 
standard, at no extra cost. Wide range of styles, 
capacities... 64,000 combinations of the shelf! 
Write for bulletin SM-155-3. The Tomkins- 
Johnson Co., Jackson, Mich. 


MEETS WITH ALL JIC RECOMMENDATIONS 


TOMKINS-JOHNSON 


& 800 “roeRA vimmores corre * 
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system for their 114 DC-8’s will re- 
ceive the equipment in 1958. The 
other development was Kollsman In- 
strument Corp.’s Integrated Flight In- 
strument System, which will get its 
christening on the DC-8. Other air- 
frame manufacturers are expected to 
follow Douglas in accepting the sys- 
tem, which by means of basic pres- 
sure instruments linked to a computer 
and to each other, furnishes correct 
altitude for the entire flight of an 
aircraft and aids in traffic control over 
airports 


CtE Authors to Preside 
at Armour Computer Talks 


Presiding at the Third Annual 
Computer Applications Symposium, 
to be sponsored Oct. 9-10 at Chicago's 
Morrison Hotel by Armour Research 
Foundation of Illinois Institute of 
Technology, will be two Controt En- 
GINEERING authors, whose articles 
“have significantly influenced genera- 
tion of the program”. The words are 
those of Harold H. Kantner, supervisor 
of the Mathematical Services Section 
of the foundation, who adds the fol 
lowing information about the sym- 
posium and it chairmen 

Sessions will be oriented toward ap- 
plications of computers or business 
data processing machines to business 
and engineering problems. Center of 
attraction will be small- or medium- 
scale stored-program computers, sub 
ject of the March °56 article by Drs 
John W. Carr III of the University of 
Michigan and Alan J. Perlis of Car- 
negie Tech. Dr. Perlis will preside at 
the Oct. 9 session. when handling 
business problems by computer will be 
covered, and Dr. Carr will take the 
Oct. 10 session, when engineering 
problems will be front and center. The 
foundation has requested distribution 
of their article, “Small Scale Com 
puters as Scientifi Calculators’, at 
the symposium 

Speakers will represent users, not 
manufacturers. Their papers are ex 
pected to deal with specific applica 
tions, stressing problems of installa- 
tion, revision of programs to conform 
to procedural changes, computer-solu- 
tion of problems otherwise insoluble, 
and methods of approach and type of 
personnel required 

Chere will be a registration fee, the 
amount to be announced soon 


Important Moves 

by Key People 

George J. Schwartz has been named 
vice-president and general manager of 





International Rectifiers 
SELENIUM -GERMANIUM - SILICON 


Developed for use in limited space at ambi- 
ent temperatures ranging from —50°C to 
+100°C. Encapsulated to resist adverse 
environmental conditions. Output voltages 
from 20 to 160 volts; output currents of 100 
microamperes to 11 MA. Bulletin $D-18 

HIGH VOLTAGE 


CARTRIDGE RECTIFIERS 


Designed for long life and reliability in Half- 
Wave, Voltage Doubler, Bridge, Center-Tap 
Circuits, and 3-Phase Circuit Types. Phenolic 
Cartridge and Hermetically Sealed types 
available. Operating temperature range: 
—65°C to +100°C, Specify Bulletin H-2 


SELENIUM POWER RECTIFIERS ~ 


For all DC power needs from microwatts 
to kilowatts. Features: long life; compact, 
light weight and low initial cost. Ratings 
to 250 KW, 50 ma to 2,300 amperes and 
up. 6 volts to 30,000 volts and up. Efficiency 
to 87%. Power factor to 95%. Bulletin C-349 


a world of difference 


through research! 


WORLD’S 


GERMANIU 


This series of general purpose, high quality 
point contact diodes provide excellent 
rectification efficiency for very high fre- 
quency applications. Special “RED DOT” 
series available for ambient temperatures 
from —55° C to +-100° C. Bulletin GD-2 


TV AND RADIO RECTIFIERS 


“; 


The widest range in the industry! Designed 
for Radio, Television, TV booster, UHF con- 
verter and experimental applications. Input 
ratings from 25 to 195 volts AC and up, DC 
output current 10 to 1,200 MA, Write for 
application information. Bulletin €R-178-A 


GERMANIUM POWER RECTIFIERS 


8 Styles featuring efficiency to 97%, low 
forward drop, high reverse to forward cur- 
rent ratio, unlimited life. Ratings: 26 to 


For temperature applications to 150° C, 
these fused junction diodes withstand 
exposure from —55° C to +170° C. Peak 
inverse voltage rating from 50 volts to 
600 volts. Welded, hermetically sealed 
construction, Four types, Bulletin $8-132 
BATTERIE 


M PHOTOCELLS SUN 


Self-generating photocells available in 


standard or custom sizes, mounted or un- 
mounted Optimum load resistance range: 
10 to 10,000 ohms. Output from .2 MA to 
60 MA in ave. sunlight. Ambient tempera- 


ture range: —65°C to + 100°C. Bulletin PC 649 


SILICON POWER RECTIFIERS 


S jn 
4 


/ 


High power- 5 amp to 100 amp- silicon fused 
junction type. Input ratings to 200 PIV. 
Temp. range: up to 150° C case temperature, 


66AC input v. per junction. 150 to 100,000 Available in individual diodes or all usual 


amps DC output. Operating temperature 
range: ~55° C to 4+-75° C, Bulletin GPR-1 


power rectifier circuits. Data available on 


models for forced air and liquid cooling. 


Bulletin SPR-1 


For bulletins on products described waite ON YOUR LETTERHEAD 
tO OUT PRODUCT INFORMATION DEPARTMENT 


international Rectifier 


c ° R P ° R 


EXECUTIVE OFFICES 


LARGEST SUPPLIER OF 


1521 €. GRAND AVE., 


ft secunoo 


INDUSTRIAL 


A T ' ° N 


CALIFORWIA PHONE OREGON 6.6261 
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TIMERS, electronic. 


provide split-second timing 
with no-filament tube 


% "71 


Compact electronic timers use Type 
5823 cold-cathode tube, providing long 
tube-life with instant timing, no warm- 
up needed; immediate recycling—no re- 
charging time for condenser required. 
Ideal for Short intervals—0.03 to 24 
seconds. 

Easy time adjustments 
tervals can be 
dial. 

Six-time ranges—can be furnished with 
full-scale range of 0.2, 0.5, 1.5, 3, 6, 12, 
or 24 seconds. 

Eight-ampere contacts. 

Small size—3%” 4%” x 2”. 

The new Model 3 Repeat cycle Timer 
is fully enclosed; has plug-in relays for 
easy servicing. 


Synchronous Contactors 


Positive, pre- 
cise coordination 
of electrical cir- 
cuits with me- 
chanical systems. 
Rotating camshaft 
actuates distribu 
tor-type switches 
to open and close 
electric circuits to 

control punch presses, machine tools, 
and computers; provides protection of 
looms, punch and die tools. Single- and 
double-cireuit models available, Descrip- 
tive bulletin on request. 


RELAY, electronic 


Operated by 
high-speed, 
low-energy 

impulses. 


Type CK Elec 
tronic Relay picks 
up impulses too 
small to operate a 
mechanical relay 
directly and holds 
cjreuit closed long enough for heavy 
mechanical equipment to be actuated. 
Fast response——relay operates on con 
tact of 'ess than 0.5 millisecond 
High sensitivity —_ above response speed 
even thru contact resistance as high as 
500,000 ohms 
Adjustable actuating time—relay ope: 
ates in 10 milliseconds after impulse 
and stays “on” for time adjustable be- 
tween 0.25 and 1.5 seconds, 
Long life-—Cold-cathode tube 
only when pulse is received. 
Easy maintenance Enclosed 
relay. 
Small size-——3"%" 


time in- 
320-degree 


small 
spread over 


energized 


plug-in 
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Minneapolis-Honeywell Regulator 
Co.'s Doelcam Div. He was previous 
ly divisional vice president 

» American Machine Foundry Co 
has promoted Sidney F. Musselman 
to director of engineering operations 
from his previous post as project con: 
trol manager of the Engineering Div 
Before joining AMF in 1953, Mussel 
man worked with the Armour Re 
search Foundation of Illinois Insti- 
tute of Technology He was in 
command of the Army Ordnance se« 
tion of the group testing ordnanc 
material during the first Bikini 
bomb tests 

P Electronics Corp. of America has 
hired Henry F. McKenney away from 
the Ford Instrument Co. Div. of 
Sperry Rand Corp. to serve as its 
vice president for engineering. M¢ 
Kenney, who was Ford Instrument’s 
chief engineer, is a specialist in mag 
netics, navigation, and reactor 
control 

P Carl F. Schaefer, a computer and 
stabilization systems expert, has been 
appointed technical director of th 
Norden Laboratories Div. of the Nor 
den-Ketay Corp. One of the original 
Norden Laboratories Corp. key per 
sonnel, he will be one of the 
administrative officers of the 
> Duncan Gardiner has from 
assistant chief engineer of Vickers, 
Inc., to director of research and de 


atom 


atom 


SCTHIOT 


division 
risen 


G. W. Schwartz 


‘. Schaefer 


F. Musselman H. 1 


Paul C. 
Vicker as_ chief 


products 


velopment. Concurrenth 
Mortenson = joins 
engineer of 
Mortenson was administrative 
neer for Massey-Harris 
Western Hemisphere operation 
P I ischer & Porter has added 
ists in chemistry and mechanical en 
gineering to it taff. Marvin D. 
Weiss, who wa chief of 
Taller & Cooper Instru 
ments Div. and chief engineer for 
Hoke, Inc has been made he F&P 
of the Analytical Div. of the F&P 
Research Dept. Vincent Matner, the 
new chief product enginecr, was taken 
from a similar position with ‘The 
Perkin-Elmer Corp 

PjJay W. Forrester, one of the nation 
authorities on the 
application of digital computers, ha 
been appointed professor of industrial 
management in MIT's School of In 
dustrial Management. Forrester, who 
is head of the Digital Computer Diy 
of MIT's Lincoln I guided 
the technical design of the Air Force 
SAGE ai 


his computer knowledgs 


ground mobil 
engi 


Ferguson’ 


spe ial 


formerly 
Chemical 


leading design and 


iborator 
defense system, will turn 
to ipplyin 
control 


At the 
| 


computers and automat 


tems im business and industry 
Lincoln Laboratory he developed ran 
rorage, vhich 
used in h 4 d digi 
tal computers As associate director 


of the MIT’ Servome: 


dom-access tmagneti 


is widely 


hanisms Labora 


McKenney 


Duncan Gardiner M. D. Weiss 
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PRINTER 
SLECTRIC 
TYPEWRITER 











zéno 
MEMORY FILE 
PUNCH CARD 





P-T- fF 
DIGITAL COMPUTER 











. GRaPnic 
AUTOMATIC RECORDER 
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MULTIPLE VIGBROTRON GAGES 
MEAGURING PRESSYVRE —- TEMPERATURE ~- FLOW 


INDICATE, RECORD AND CONTROL pressure, temperature and flow with 
BJ Digital Systems. It’s as simple as 1-2-3. One, BJ Vibrotron Digital 
Gages at remote points use frequency changes to measure pressure, tem- 
perature or flow (P-T-F) and signal this information by direct wire or 
radio link. Two, these frequency signals are received and directly indi- 
cated in numbers on the BJ P-T-F Digital Computer without further 
translation. THREE, this information in numbers can then be fed to any 
desired recording device or used to initiate control action and close the 
loop. 

Only digital systems give you the direct simplicity of information in 
percentage by numbers from 000 to 999. Thus, all information has 
a common denominator. Variations in performance are counted and 
not compared 

The heart of BJ digital systems is the BJ Vibrotron Gage which 
uses a vibrating wire under tension. Pressure, temperature and flow 
control the tension and frequency signal 

Other Byron Jackson digital system components include: a Zero 
Memory File which permits simple electronic calibration of all sensing 

gages in the system; and an Automatic Gage Selector which sequen- 
| tially selects signals from any number of gages for measurement by the 
P-T-F Digital Computer. 
Model 101 Vibrotron Investigate BJ digital equipment before you make a decision on 
your systems problem. BJ electronic engineers are ready to help you 
make your system count 
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aoe BJ ELECTRONICS 


BORG-WARNER CORPORATION 
3300 Newport Bivd. * Santa Ana, California 
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* 
tory, he was responsible for the de 
velopment of Whirlwind I, once the 
fastest computer in the world 
> Lt. Gen. Elwood R. Quesada (Ret.), ‘ 
former head of the Lockheed Missile 
Systems Div., has been elected chair 
man of the board and chief executive 
officer of ‘Topp Industri Inc. Ou 


sada, whose resignation from Lock 
heed last November precipitated the 
mass exodus of scientists from the 
Missile Systems Div. (CtE, Feb. '56, 
p 24), chose thi position from 
numerous offers he has received in the 
last six months. He first made news 
when he flew an airplane for 64 days 
with Maj. Carl Spaatz in the earliest 
successful attempt to refuel a plane in 
the air for an extended period. At 
the first hydrogen bomb tests he 
commanded ‘Task For Ihree (com 
posed of Army, Na\ Air Force, and 


The Ultimate in Digital Tape Handlers for High-Speed > Hagh “ge h icceeded 


Computers, Electronic Business Machines, Industrial | Philip S. Fogg as president of Con 
Control and Other EDP Applications. solidated Electrodynamics Corp. Fogg 


remains as chairman of the board and 
chief executive officer. Colvin, with 


Regardless of cost, many features are exclusive with Potter = .n¢, S<2"s, 4h Comoldated Piece 


i 





president, general manager, and vice 


Speed and ease of operation—Up to 75"'/sec in a variety of president, will direct the daily opera 
dual speed combinations, with 3 msec starts and stops. tion of business At one time he 
Tape widths from Y4"' to 1%‘ are accommodated. Automatic simultaneously did production plan 
threading, fast rewind, end-of-tape sensing, and front panel ning for Union Oil Co., taught a 
or remote control provide unmatched flexibility and ease course in industrial management at 
of operation. Cal Tech, and edited its monthly 
publication, “Engineering and Sci 
Standard 19” Rack Mounting—Hinged front panel provides ence”. He was originally a chemical 
quick access to mechanical parts and plug-in electronic engineer. Fogg will keep control of 
components. Transparent dust cover protects tape and moving company policy and direct the long 
parts without hindering visual observation of tape track. range expansion and capital financing 
programs. At the same time, John J. 
Auxiliary Equipment—A complete line of digital data-handling McDonald, central sales manager, was 
accessories is available, including record-playback heads appointed assistant director of the 
(Model 6400) in numerous channel number and tape width Systems Div. 
combinations. Record-playback amplifiers can be furnished as P Here are the key people in_ the 
individual piug-in units (Models 52, 53) or in complete systems split-up of General Electric's Elec 
(Model 920) for return-to-zero or non-return-to-zero recording. tronics Div. (Around the Business 
Shift registers, high speed printers and other data-handling Loop, page 294). W. R. G, Baker, 
components are available separately or in integrated systems who was vice-president and general 
for solving specific data-processing problems. manager of Electronics, continues to 


hold a firm hand over the businesses 


as V-P and consultant to C. W. 


WRITE FOR INFORMATIVE BULLETIN . . . and feel free to consult Potter LaPierre, executive V-P of the Elec 
engineers on your data-handling problems. No obligation, tronic, Atomic, & Defense Systems 
of course. Group. Under Baker are these new 


general managers: Harold A. Strick- 
land Jr., Industrial Electronics; L. 
Berkeley Davis, Electronic Compo- 
| nents; and George L. Haller, Defense 

">. POTTER INSTRUMENT COMPANY, INC. |Eiaeetene tamennemncirasie 
Cutter Mill R out Minsk NY | elected president of the Radio-Ele« 
tronics-Television Manufacturers As 
sociation, headed the two National 


or 
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New Low Hysteresis and Threshold in HYDRAULIC RESEARCH’S 


_ DRY COIL SERVO VALVE 


For High Performance Stabilization 
And Control Systems 


———— DRY COIL TORQUE MOTOR 


Unique isolation diaphragm in the 
Hydraulic Research Servo Valve acts 
as a fluid barrier to keep coil and 
motor completely dry. Build up of 
magnetic particles in the flux gap is 
eliminated, No magnetic filters are re 
quired, Because torque motor operates 
in air there is no coil deterioration due 
to immersion. Pressurized electrical 
connectors not required 
























SYMMETRICAL HYDRAULIC AMPLIFIER DESIGN 
Torque motor and nozzles are arranged 
about the center line of torque arm to 
minimize null shift. Motor mounting 
points are symmetrical about same 
center line to further improve sta 
bility in varying ambient and oil 
temperatures 





UNITIZED POWER STAGE CONTROL ASSEMBLY 
Power sleeve houses control spool, cen- 
tering springs and null adjustments. 
All are stainless steel. Adjusting 
mechanism is not subject to different 
coefficients of expansion, providing ex 
cellent null stability with temperature 
changes. 

Near perfect alignment gained by 
this type of construction lowers thresh 
old, Micro finishes keep friction to 
minimum reducing hysteresis and 
increasing valve life 


TRIPLE FILTRATION 

All oil that passes through hydraulie 
amplifier section is filtered three 
times. The Hydraulic Research Servo 
Valve has five internal micronie filters 
of corrosion resistant steel to assure 
trouble-free performance and im- 
proved reliability 


The Hydraulic Research Dry Coil 

Servo Valve is available in quantity for 
high performance flight and control 
systems. Write for additional 
engineering information 


HypRAULIC RESEARCH 


AND MANUFACTURING COMPANY 


Subsidiary of Bell Aircraft Corp 
2835 N. Naomi Street + Burbank, Calif. * Victoria 9-2227 
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OPENING NEW HORIZONS 
IN DATA PROCESSING SYSTEM DESIGN 


The requirements for a switching system that will handle 
the high information rates of input and output devices in 
data processing systems have been so demanding that, until 
now, they have constituted a serious barrier to data process- 
ing system design. 

The New NORTH REED ARMATURE RELAY handles 
these switching chores with maximum efficiency and mini- 
mum crosstalk, opening new horizons in system design. 

NORTH REED ARMATURE MATRIX SWITCHES are 
being used successfully today in “NORTH designed and 
built” system centrals in high speed data processing systems, 

Write for complete details on how the new NORTH REED 
ARMATURE RELAY can provide an important link in data 
processing systems. 
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WHAT’S NEW 


lelevision Svstem Committee that 
developed standards for monochrom 
I'V in 1941 and color TV in 1953. H 
has been with GE since 1917 an 
has been a V-P and the general man 
ager of the Electronics Div. since 194] 
Strickland, who joined GE’s Whee! 
Div. in 1938 and advanced through 
its Hotpoint subsidiary, was most 
cently a consultant on energy utiliza 
tion in the Engineering Services Din 
Davis, who came to GE when it 
acquired Ken-Rad Tube and Lamp 
Corp. in 1945, was appointed general 
manager of the Receiving Tube Sub 
Dept. in 1949. Haller, who joined the 
company in 1954 as manager of the 
Laboratories Dept., invented the radi 
control used on the first USAF /radar 
controlled guided missil 

P'l'cxas Instruments, Inc., has mad 
many promotions and new appoint 
ments in its Semiconductor Com 
ponents Div. The new chief engi 
neer: Harry L. Owens. His assistants 
Boyd Cornelison, semiconductor 
products; Charles E. Earhart, contract 
projects; John R. Pies, resistors and 
transformers; and Lawrence Congdon, 


meters, applications, i1utomation 
Other appointments Charles T. 
Mankus, administrative engineer 


Thomas E. Smith, quality contro! 
manager. 

> Henry Schweibert was named chief 
engineer of ‘Telectronics Laboratory 
Inc. Prior to June, 1955, he was as 
sistant chief engineer of Wheele: 
!_ aboratories. 

~The Avionic Engineering Div. of 
General Precision Laboratory, Inc 

has also made a number of promo 
tions. Donald S. Kellogg has been 
named chief engineer, and William 
H. Heath is his assistant The new 
post of director of research has been 
issumed by George R. Gamertsfelder, 
and that of chief product enginee: 
by Otto J. Kolb. A special planning 
staff has been formed under Donald 
S. Basim. 

P Arthur N. Paul, former associat 
professor of mechanical engineering 
it the University of Kansas, has beer 
appointed director of technical per 
sonnel of the Stromberg-Carlson Dis 

of General Dynamics Corp. He will 
coordinate Stromberg-Carlson’s — r 

cruiting programs, empha izing col 
lege and graduate levels. Paul, wh 
holds an MS in mechanical engineer 
ing from the Chrvsler Institute of 
Engineering and an MS in industria 
engineering from Purdue, was in 
charge of Kansas | industrial en 
gineering program 
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multiplier phototube 


Actual RY) > ¢ 
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DU MONT Type K1382 


In the new Type K1382, Du Mont offers the 
first %” multiplier phototube with the ruggedness 
of field equipment combined with the performance 
of a laboratory tube 

The average gain of the Type K1382 of 300,000 
at 105 volts/stage exceeds that of many labora 
tory tubes, with no sacrifice in long-term stability 
for which Du Mont multiplier phototubes are noted 






In addition to its small size and superb operat 
ing characteristics, the Type K1382 is unusually 
rugged. This tube has been designed for the 
roughest service under the worst climatic condi 
tions. The tube base is potted and all leads 
jacketed to permit operation under severest hu 
midity without leakage between leads. Laboratery 
performance can be obtained from this tube even 
when it is being dropped as a probe into a drill 
hole far underground 

As in other Du Mont multiplier phototubes, the 


CONDENSED SPECIFICATIONS 





Average gain: 300,000 at 105 v/stage linear box-type dynode structure is used. This 
means optimum electron collection greatly im 
Maximum dark current: 0.1 ua max. at 105 v/stage and 25°C proving signal-to-noise ratio. Also, long leakage 


Photocathod itivit 40 \ paths minimize noise and dark current. Dark cur 
otocathode sensitivity: ua/ lumen 








rent is only 0.1 ua at 105 v/stage and 25°C 
Average anode sensitivity: 12 a/lumen The small size and excellent performance of the 
new Type 1382 mean an extra bonus to users in 
Maximum outside diameter: no greater than %” the geological surveying field where, for example 
its extra gain permit nuch longer signal trans 
Physical Characteristics potted base, jacketed leads mission from undergr 1 locations before signal 


level becomes too low to be useful. It should be 
exceptionally useful N medical physiological 
probing. Batteries of these tubes may be used for 
speedier diagnostic procedure. In addition, the 
small size will help greatly in the miniature and 
portable designs that can function at least as well 


as laboratory equipment 


° rs For complete information write to: 
. industrial Tube Sales Dept. 


. ALLEN B. DU MONT LABORATORIES, INC. 
. 2 Main Ave., Clifton, New Jersey 
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WHAT’‘’S NEW 


I'clevision System Committe that ° 
developed standards for monochrom 


I'V in 1941 and color TV in 1953. H 


has been with GE since 1917 an 
has been a V-P and the general man . 
ager of the Electronics Div. since 194] 


Strickland, who joined GI Whee! 
Div. in 1938 and advanced through 
its Hotpoint subsidiary, was most 
cently a consultant on energy utiliza 
tion in the Engineering Services Div 
Davis, who came to GE when it 
acquired Ken-Rad Tube and Lamy 
Corp. in 1945, was appointed general 
OPENING NEW HORIZONS manager of the Receiving Tube Sub 
Dept. in 1949. Haller, who joined th 
IN DATA PROCESSING SYSTEM DESIGN 9 ompany in 1954 as manager of th 
Laboratories Dept., invented the radi 
control used on the first USAF /radat 
controlled guided missile 
P'l'exas Instruments, Inc., has made 
many promotions and new appoint 
ments in its Semiconductor Com 





The requirements for a switching system that will handle 
the high information rates of input and output devices in 
data processing systems have been so demanding that, until 
now, they have constituted a serious barrier to data process- 
ing system design. ; 

The New NORTH REED ARMATURE RELAY handles ponents Div. The new chief engi 
these switching chores with maximum efficiency and mini- noes Harry L. Owens. His assistant 


mum crosstalk, opening new horizons in system design. Boyd Comelison, Ser miconductot 
NORTH REED ARMATURE MATRIX SWITCHES are products; Charles E. Earhart, contract 
being used successfully today in “NORTH designed and projects; John R. Pies, resi stors and 
built” system central« in high speed data processing systems. transformers; and Lawrence Congdon 
Write for complete details on how the new NORTH REED meters, applications, automation 
ARMATURE RELAY can provide an important link in data Other appointments Charles T. 
Mankus, administrative engineer 


processing systems. en : “aig 
Thomas FE. Smith, quality contro! 


manager 





> Henry Schweibert was named chief 
a eannaane engineer of ‘electronics Laborator 
fT i] Inc. Prior to June, 1955, he was a 
TAPEWRITER sistant chief engineer of Wheel 
win cn TAPLWRITER g 
CARO Laboratories 


TRANSCRIBER 
salir sina eis P'The Avionic Engineering Div. of 
e Fit PAPER (TAPE) C | Pp peta iaggt 
TRANSCRIBER rCHiCTa recision aboratory, rie 
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multiplier phototube 


Actual Size 
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DU MONT Type K1382 


In the new Type K1382, Du Mont offers the 
first %” multiplier phototube with the ruggedness 
of field equipment combined with the performance 
of a laboratory tube 






The average gain of the Type K1382 of 300,000 
at 105 volts/stage exceeds that of many labora 
tory tubes, with no sacrifice in long-term stability 
for which Du Mont multiplier phototubes are noted 

In addition to its small size and superb operat 
ing characteristics, the Type K1382 unusually 
rugged. This tube has been designed for the 


roughest service under the worst climatic condi 
tions. The tube base potted and all leads 
jacketed to permit operation under severest hu 
midity without leakage between leads. Laberatery 
performance can be obtained from this tube even 
when it is being dropped as a probe into a drill 
CONDENSED SPECIFICATIONS 


hole far underground 


As in other Du Mont multiplier phototubes, the 





linear box-type dynode structure is used. This 











| 
Average gain 300,000 at 105 v/stage 
| means optimum electror yliection greatly im 
° « «? 96°C ; 
Maximum dark current: 0.1 ua max. at 105 v/stage and 25°C proving signal-to-noise ratio. Also, long leakage 
paths minimize noise and dark current. Dark cur 
Photocathode sensitivity: 40 ua/ lumen - 
rent is only 0.1 ua at 105 v/stage and 25°C 
Average anode sensitivity: 12 a/lumen The small size and excellent performance of the 
new Type 1382 mean an extra bonus to users in 
Maximum outside diameter: no greater than % the geological surveying field where, for example 
its extra gain permit ch longer signal trans 
Physical Characteristics: potted base, jacketed leads mission from underground locations before signal 


level becomes too low to be useful. It should be 
exceptionally usefu edical physiological 
probing. Batteries of these tubes may be used for 
speedier diagnostic procedure. In addition, the 
small size will help greatly in the miniature and 
portable designs that can function at least as well 


laboratory equit 


. Ei For complete information write to 
4 industrial Tube Sales Dept. 


. ALLEN B. DU MONT LABORATORIES, INC. 


. 2 Main Ave., Clifton, New Jersey 
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bate tel lm orors 


Guaranteed to pull 8 in. oz. at 1 RPM; operate smoothly, 
evenly in any position at temperatures from —40° to ~+- 140 

F, Start instantly under load. Available in 42 speeds from 
0.8 RPM to 600 RPM. 


HIGH TORQUE MOTORS available with 20 in. oz. guar- 
anteed torque at 1 RPM. 

1. Patented 2-piece field structure with wide and narrow ." \\ 
poles; rotor rototes between inner and outer poles; c 
properly shaded with heavy, continuous copper rings; 
assures maximum starting and running torque. 


Double bearings in reduction train and on rotor shaft 
assure smooth operation, sustained accuracy, long 
wear. 

Aluminum rotor ring support, light weight, rigid. 
Patented, hardened steel rotor ring. 

Oil storage reservoir with patented oil feed to bearings 
permits motor to operate in any position. 

Energizing coil meets Underwriters’ requirements, with 
omple safety factor. 

Heavy brass rotor cover. 

Double bearings on output shaft for long wear. 

Sealed gear case prevents oil leakage, 

Four standard mounting holes. Two hole mounting 
available on request. 

Brass gears. 

Steel pinions. NOTE: Brass against steel assures long- 
er life. 

Bakelite gear for quiet operation. 

Oviput shaft shown equipped with 10 tooth 54 pitch 
pinion, .130 in. face. Also standard with 10 tooth 48 
pitch pinion, .130 in. face; or solid steel shaft Ye in. 
dia, x %& inches. Special drives available. 


SYNCHRON TIMING MACHINES 

Four basic external assemblies available in combination 
with Synchron 610" Motor. Friction clutch eliminates pos- 
sibility of damaging built-in gear train. Speeds from 1 
RPM to 1 RP24H. 


be “Workhorse of the industry” 


HANSEN MFG. CO., INC.., PRINCETON 14, IND. 
FILL OUT READER-SERVICE CARD OR CONTACT REPRESENTATIVE: 
FACTORY REPRESENTATIVES: The Fromm Co., 5254 W. Madison $t., Chicago, Ill. © R. H. Winslow 


Assoc., 123 £. 37th S1., New York, N. YY. © Electric Motor Engineering, inc., 8255 Beverly Bivd., Los 
Angeles 48, Calif. and 3907 Lyon Ave., Oaklend, Cal. 
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WHAT’S NEW 


P Ira J. Kaar has been elected to the 
newly-created post of vice-president 
and engineering director for Hoffman 
Electronics Corp. He had been with 
General Electric since 1924, serving 
since 1949 as manager of the Elec 
tronic Div.’s Engineering Dept. 

> Clement Joseph Savant Jr., an cle 
trical engineer with research projects 
in autonavigators, countermeasures, 
radar and fire control systems, and 
flight control systems to his credit, 
has been named chief engineer of 
the Western Div. of Servomecha- 
nisms, Inc. Before joining Servomech 
anisms, Inc., last May, he was a r 
search engineer for North American 
Aviation and the Jet Propulsion Lab 
oratory of his alma mater, Cal Tech 
He is also a part-time member of 
the USC teaching staff, with the rank 
of associate professor. 

P Gulton Mfg. Corp., a subsidiary 
of Gulton Industries, has added Ber- 
nard Bernstein to its engineering 
staff. Bernstein, a mechanical en 
gineer, was formerly in charge of nu 
clear instrumentation at GE’s Knolls 
Atomic Laboratory 

> T. A. Manhart has been clected 
president of Century Electronics & 
Instruments, Inc. He is a director 
of several geophysical firms, including 
Century Geophysical Corp., parent 
company of Century Electronics 
Opie Dimmick remains chairman of 
the board and chief executive officer 
P Atlantic Research Corp. has added 
three mechanical engineers to its 
staff, Alton Heyser and Edward 
Spechler going to the Chemical Engi 
neering Div. and Lawrence Weinberg 
to the Chemistry Div 

> 'I'wo electrical engineers, ‘Thaddeus 
Allan Herrick Jr. and Joseph M. Cahn, 
have accepted positions with The 
Ramo-Wooldridge Corp 

> Russell C. Taylor and Rudolph 
Furrer have been elected directors of 
ACF Industries, Inc. Taylor is also a 
director of American Can Co. and 
Republic Aviation Corp., while Fur 
rer is ACF vice-president in charge 
of manufacturing and engineering 
and president of the Nuclear Energy 
Products Div. 

> William L. Everitt, dean of the Col 
lege of Engineering of the University 
of Illinois, has succeeded Maynard M. 
Boring, engineering manpower con- 
sultant in the Engineering Services 
Div. of General Electric Co., as presi 
dent of the American Society for 
Engineering Education. His term will 
run for one year 




















. t fitted with Auronenes Flight Test equipment shoots smoke puffs fr 


Autonetics 


Before major battles can be won in the development 
of automatic control systems, much scientific recon 
naissance must take place high in the air. 

AuTonetics Flight Test Section is uniquely 
equipped to do this job—in all phases of systems 
development, whether the projects are fresh from the 
laboratory or in final performance evaluation. Using 
probably the largest fleet of test vehicles in the indus 
try. Flight Test experts extend AUTONETICS’ engineer 
ing into the elements... at altitudes, speeds and 
extreme conditions that are dress rehearsals of pos 
sible future situations. 

Keeping accurate, automatic 
performance during these live tests is another great 
challenge. Since the best available recording equip 


records of systems 


ment is usually less accurate than the system being 
tested, extraordinary custom-engineering is required 
For example, normal instrumentation recording set 
ups usually contain a percentage of error, and the 
data on these systems must be gathered to such 
AUTOMATIC CONT 


ROLLS MA 


N 


flying laboratories" 
spearhead electro-mechanical breakthroughs 


accuracy that new and spec ialized techniques and 
refinements 
pot at AuTo 
NevTics’ Flight Test, assuring hitherto unknown 
degrees of pret ision 

In 10 years AuTonetics has achieved full capa 
bility in research development design 


equipment are necessary. These electroniv 
are designed and built right on th 


manutacture 
and test of complete systems in information process 
ing, inertial navigation, flight controls, weapons direc 
tor controls, computers and other special products 

For more detailed information. or for employment 
in any one of these fields, please write: At 
Dept. CON-N4, 12214 Lakewood Blvd 
California 


Autonetics Au) 


rONETICS 


Downey 


A DIVISION OF NORTH AMERICAN AVIATION. INC 
HA S NE YER B J | T B&F FOR 6 
SEPTEMBER 1956 
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NEW 
LIQUIDOMETER 
SENSITIVE 

RELAY... 





The new Liquidometer 
miniature magnetic amplifier 
relay, model B250-1, 
features high sensitivity 
and vibration resistance. 


Designed for use in guided missiles, air- 
borne computers and circuits employing 
photocells, transistors or thermistors, 
the new 6 oz. Liquidometer relay has 
been designed to meet the requirements 
of MIL-R-5757C and MIL-E-5272A. 
The B250-1 has virtually no external 
magnetic fields, It requires no shock 
mounting. 


SPECIFICATIONS 
Sensitivity: 80 microwatts from 0-5000 
ohm resistive source, decreasing to 100 
microwatts for a 15,000 ohm source 
Vibration: 10 G's from 5 to 500 CPS 
Ambient Temperature: — 55° to +100° C, 
Contact arrangement: DPDT 
Contact life: 100,000 operations at 2 
amps resistive 
Dimensions: 114 in. diameter by 2% in. 
long 
Weight: six ounces 


For complete details, write Dept. P 
x for Bulletin $62. 


THE LIQUIDOMETER corp 


SKULMAN AVENUE AT 36 5T.,LONG ISLAND CITY 1, N.Y. 
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ABSTRACTS 


Leak-Warning System 


From “Electronic Control of Leax 
age from Pipelines” by A. Atkin 
son, Manchester W ater 
works. “British Communications 
and Electronics”, July 1956. 


In the development of the 
Haweswater Aqueduct in England 
considerable attention was given to 
the problem of detecting excessive 
leakage in the pipelines and auto 
matically shutting down the offend 
ing section. The aqueduct comprises 
a total of 72 miles of 48-in.-ID pipe 
running to six locations. Although the 
pipes have welded joints with little 
likelihood of leakages, it was still be 
lieved necessary to establish a warn 
ing and shut-down system in case of 
a leak of a predetermined amount. 

Figure | shows the basic protection 
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new 


Flow indicator 
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the electromagnet balances the force 
of repulsion between the strip mag 
net and the floating magnet. The 
torque on the strip-magnet movement 
is proportional to the differential head 
of water, and so to the of the 
flow of water but, by using an elec 
tromagnet in series with the moving 
coil, the current in the transmission 
or control circuit directly 
proportional to the flow of water, so 
giving linear scales to instruments.” 

The warning and control arrang 
ment contains several additional fea 
tures, such as: power failure relays at 
each transmitter 
power failure at one transmitter, op 
erates to cross-connect the 
supply power from the other transmit 
ter. Operation of the power failure 
relay also prevents the closing relay 
from operating and shutting off a pips 
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North well Ditterentiol 
transmitter A flow indicator 
circuit. Measurements of flow into section 


the pipe (North Well) and flow at 
the end of the pipe (South Well) 
are converted into electrical signals by 
the transmitters, which are differen 
tially-connected. The differential 
flow indicator operates the closing re 
lay when the differential flow (due 
to a leak) exceeds a predetermined 
amount. The closing relay in turn 
operates motors to close the valve in 
the offending portion of the pipe. 

In the manometer, which measures 
the differential of the ven 
turi tube, is a floating magnet that 
repels an external pivoted strip mag 
net. As flow increases the repulsion 
increases proportional to the differen 
tial head produced by the venturi 
tube. A moving coil, attached to the 
strip magnet and operating im the 
field of an electromagnet, forms the 
control circuit in series with a vacuum 
tube. “The coil arm also carries bias 
ing contacts for the electronic valve 
and these act so that the of re 
pulsion between the moving coil and 


pressure 


force 



















we -— — -—_ 


FIG. 4 


Another fea 


relay 


unnecessarily 

ture is this: when the 
receives a signal from the differential 
flow indicator this relay 
time-delay relay with an 
delay of 0 to 5 min 
thus delayed long enough to prevent 
the control system from responding 
to flow transients which, for the mo 
ment, may seem like leakage as fat 
as the warning system is concerned 


closing 


operat i 
adjustabl 
Valve closing i 


Russian Magamps 


From “Fundamentals of the 
struction of Magnetic Amplifiers 
with a Low Sensitivity Threshold 
by M. A. Rosenblatt Automation 
and Remote Control Russian 
January 1956, 


Con 


Ihe lower sensitivity threshold of 
a magnetic amplifier results from tw 
basic null-shift and noise, and 
its magnitude, which ranges from 10 
to 10°" watts, depending on the cu 
cuit. The author defines lower 
tivity threshold as follow 


Causes 


ciisi 


At the output of a magnetic am 
pliher with no input signal, som 
oltage usually exists, which for push 
ull amplifiers is called the voltage of 


"formance through Pre 


unbalance The maximum spontan 
yuus variation of this voltagc U , 
expressed in power units of an mph 
fied signal producing the same output AIR MARINE MOTORS leading 
! 
oltage variation, we shall call th manufacturers of high specification 
I cl 1\ \ t s ) o he ' 
Owc! sitivity threshold LS’ r th rotating equipment TR TTT 
umplifies If K, is the voltage-gain MG? oe ‘ 
oefhicient, the LST equal outstanding source for fans, motors 
and blowers to meet most i 
P ( * : ) ; watts " sub-fractional power requirements ' 

or t 


Adaptability through Varreti 


vhere R, is the input resistance of the 
umplifier 







The three major types of noise af 
fecting the lower sensitivity threshold 
ire: electrical, magnetic, and power! 
sOUTCE Ihe clectrical noise results 
from random thermal motion of ele 
trons, and appears at the open-cu 
cuited control network of the mag 


years-ahead 
engineering. 


netic amplifier. Its mean square emf 
valve in the finite frequency band af 
1S computed from the familiar equa 





tion ; 
BE 1kT(R. + RAS 2 ; Air Marine Motor 
A1580-8 8208-7 equipment feature: 
where k is Boltzmann's constant, 115 Volt 60 cycle double 115 Volt 60 cycle (or 400 stailihiees steal 
equal to 1.38 « 10™ erg/gram, R ~~ CFM at .28” static gh yeh at thru-belts die-cast 
and R, are the resistive components | aluminum housing: 


i 
! 
| 
| 
| 
| 
! 
— 
! 
| 
! 
! 
| 


of the control-coil impedance and th« 
impedance of the source being am 
plifed, and T is their absolute tem 
perature 


riveted stator: 
positive bearing 


alignment uniform 





air gap ball 
At 20 de g C, and with R R. and bearings shock and 
Af bar, the above equation b vibration resistance 
comes \ humidity and funqu: 
10-2! resistance 
P 6.3 * lO As - watts A15AD3 60-44 omni-position 


115 Volt 60 cycle axial 
blower. 35 CFM at .2” static 

However semiconducting — resistors pressure. 
and rectifiers used in the magneti 
umplifer circuit exhibit higher ther 


? 
mal noise than do wire-wound 


115 Volt 60 cycle blower. P 
100 CFM at 2.5” water gauge. mounnngs 
temperature 


lubrication 


sistors under the same condition 
I'herefore, if the bias in the mag 
netic amplifier is created by a semi 
onductor rectiher the NOs level May 
be considerably higher than the value 





----------+---------- 
| 
| 
| 
| 
! 
1 
! 
! 


AIA. 
determined by formula 2.’ cycle 

Magnet noise results from remag 60-6 prope 
netizing ferromagnetic materials in a A Ry 4 hy Be ral 
periodically varying field. ‘The remag 250 CFM at 2.5” water gauge. 0 
netization of individual molecuk 


does not begin at a strictly defined me ' 

rite for specific information and bre 
ilue nor doe it occur with strict f sate saterspiles we 
iniformity in time As a result, there 


ippcars a continuous spectrum ot mag 


chure about any of these units ond 
use the Air Marine advisory services 


without obligation 
netic induction, or noise, which lead 


to a continuous spectrum of emf in 
the coils of the amplifier 


Power! upply noise omes from > 4 4 > 4 
nonuniformity of cores the air-marine motors, inc. 


in mag 
neti amplifier / 169 Bayview Avenue Amityville; N.Y 
Ihe effect on LST of electrical and West ( 1 Factory 2955 Pontius Avenue ’ Los Angeles 25, Calif 
thermal noi ilwavs remains, but the 
ffect due to null-shift can be mini 
nized by good practice In the second 
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CONVAIR 
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RADIO CORPORATION of AMERICA 


H Honeywell 


GENERAL G@ ELECTRIC 


PU folal-iilet ay 


HAD 


BENDIX 


PACE analog computing systems are a dominant 
factor in the field of scientific and industrial ad 
vancement, Engineers, scientists and mathemati 
cians recognize the accuracy and reliability of this 


technological tool. 


Tested by performance in the field the world over, 
PACE systems are constantly depended upon to 
simplify the complex steps in systems analysis, 
process control, aero-dynamics, atomic energy, 


weapons systems, guided missiles and even man’s 


CARDI 


Union Carpipi 


maa 


NORTH AMERICAN AVIATION, INC. ¥ 


— lM) 


BI INESS MACHINES aye 4 | 
CORPORATION _ 
=O 


( INF / 
M:DONNELL 7, ae Corporation 


exploration of outer space. 


Progressive engineering, the inherent concept of 
Electronic Associates, Inc. makes it possible to pro- 
vide a PACE computing system ¢ ustomized to meet 
any problem requirements. A unique building 
block system allows immediate and economical ex- 
pansion of the computing system by the addition 
of available standard component groups — to keep 


PACE with increased problem complexities 


Our Princeton Computation Center at Princeton, 





ve ech 


Sa 
=] -t a - bah A -lol-tote! —] mm Glo) i -) ab 4 


Thompson Products 


ep RELI | 


| O71 Os .6= 833 03 BD 


New Jersey, continues to be an invaluable aid to 
all segments of industry — both in solving complex 
problems on a time rental basis and as a means of 
close range investigation of the tremendous value 
of analog computing techniques as applied to spe 
cific problems. Our Computation Center is unsur 
passed as a practical field laboratory — another 


assurance that PACE computing systems will con 


tinue unexcelled in the state of the art 


To our customers representing the industrial might 


(lircralt 


ELECTRIC BOAT 


The Ramo-Wooldridge Corporation 


{ ul po! ation 


ASEA 


A MANNA VENSKA ELEKTRISKA 


NORTHROP 


NBS 


Westinghouse 


foucur AIRORAFT 


BSORIMNG 


=} 
oS 


At 


c CANADAIR _ 


of our nation, | lectronic Associates pledge § a cOon- 
tinued program of progressive engineering ro main 


PACI 


versatile and accurate analog COMpuUring systems 


tain our as a leading source for reliable 


Your inquiries are invited for detailed information 
PAC] 


time rental at our Princeton Computation Center 


and literature on computing equipment 
or if desired, a visit with our skilled Sales Engi 


Staff. Write Department CE-10, Elec- 
tronic Associates, Inc., Long Branch, N. J. 


necring 





FREE SELECTION CHART ABSTRACTS 


part of his article the author discuss« 
the internal and exten 


for 


AGASTAT 


time delay 


I 1LiS¢ if ’ 





null-slippage and ways to reduce th 

cftect Ihe internal ca ire: h 

teresis, variation of thi urce im 
pedance of the signal bein implified 
variation of the characteristi of the 
individual clement vith time an 
wing, leakage currents and ypaciti 
currents, and indigenous heat Ihe 
external causes are: external field 
aration of the frequency and volt 
age of the supply, and the variation | 


in the temperature of the surrounding 
Now you can select exactly the right Agastat time delay relay medium. 


for your particular timing need—in a hurry. This free selec “The 


relays 


hysteresis null-shift [caused 
tion chart lists data on every popular model in the Agastat by a large transient current—Ed 


om pl gradually decreases as a result of the 
in the industry. They're adjustable for timing from 0.1 second fact that the alternating magnetic flux 


to 10 or more minutes, unaffected by voltage variation, dust demagnetizes the cores anyway, How 
ever this process lasts a fairly long 
time, usually over a period of many 


line~the most complete line of pneumatic time delay relays 


proof, light, and mountable in any position. And there’s an 
Agastat model to precisely fit your requirements, including 
two-step, electrical interlock and double head units. A glance 


hours, and someting even day 
at the free selection chart tells you which model to order. Iherefore after a hysteresis null-shift 
Write for your free copy to Dept. 426-920 one should not reestablish the nul! 
by altering the bias current, since in 
that case a gradual disturbance of the 
. . Elastic Stop Nut Corporation > 
AGA of Amatien null will occur according to the 





amount of amplifier operation. Afte: 


DIY S rey 
DIVISION 1027 Newark Avenue, Elizabeth, New Jersey a null-shift caused by hysteresis, it i 


Pioneers in pneumatic timing. 





1? COTCS: for 
example, we might utilize the method 
of raising the supply voltage to a value 
corresponding to saturation and de 
creasing it smoothly to zero 


necessary to demagnetize tl 


more per formance 


at less cost 














| Solve for, Lilt component ‘L' of @ total aerodynamic force at +90° with | Calculating Responses 
j respect to velocity direction of an aircrott | 
— {~A) From “An Easiest (sic) Way of S\ 
R.., 
} Uv,y,8,, ol (Union $V byl 4b 5.8.4 os #) ( ae (A) +e Red 1 | tem Response ( omputation by 
as er 1} H. M. Paynter and Y. ‘Takahashi 
| ee ee nd. Toke 
Difficult problems—even twelfth-order linear differential equations and Automatic Contre!” (Japan), No 
| nonlinear equations—are no problem for the | *#, 1955 Translated by Y l aka 
WEBER ENERAL PURPOSE AWALOG COMPUTER. hasl 
| it requires no ouatitory equipment to present dynamic solutions in acous- | 1asii 
tics, aerodynamics, vibration, thermodynamics, structures, and chemis- Ordinarily. in the discussions of the 
| try. As a simulator, the unit can be used to find operation parameters; | — , , 
te study miealie trajectory and various aerodynamic factors of yaw, dynamics of an clement in a tem 
pitch, and roll | + THis 
| the output response uniquely repr 
We think it’s the greatest thing since the Model T, and if sents the clement, and the mathe 
you don't believe you can get all of this for $8000, give us | matics of the problem involve simp! 
| a chance to prove it to you. Write for more information. | Laplace transformation However 
| DUAL OPERATIVE TIME, real and fast, with in- j tre que ntly the mput ! not a tc } 
stantaneous switching and 5” dual beam scope change, but any arbitrary change with 
36 POTENTIOMETERS | tine Finding the ou put response 
| j for this input complicates the prob 
SIMPLIFIED EQUATION BOARD eliminates lem and demand idvanced math 
programming of problem l matical resources for its solution, In 
| FUNCTION GENERATOR included as =| this paper, which first appeared in the 
standard equipment Japanese magazine Automatic Con 
CABINET DESIGN provides sliding racks trol, the authors develop a HN pit 
| for individual component housing. | method for finding th espon of 
| | in clement subjected t ny mput 
, he problem solution irried out 
24 AMPLIFIERS: casily and without need for und 
A f 
oaren vactions 12 integrating/summation; 12 summation CLECTRONICS | standing the advanced integration 
vailable 
| A division of Weber Aircraft, 2620 Ontorio Street, Burbank, Californie | which the tec eee seal —" 
The method of solution 1 pat 
—_ —_— —_—_—_——— — SS ee eee ee ee — me aS =? ee 
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LOCKHEED IN GEORGIA 
MOVES AHEAD 


Here at the world's largest 
integrated aircraft plant 
Marietta, Georgia—where the 
Lockheed C-130 Turbo-Proy 
Cargo planes and B-47 Jet 
Bombers are built—we 
come two new | kheed pr 
grams to Georgia 


One is our huge new €: 


neering Center here at the ; 


and the other is our multi-n 
dollar nuclear powered air 
development facility 

Here are projects t 
lenge the very limits of 
nation, vision, ability and 
bilities of man! 

Qualified Engineer: 
Scientists interested in be 
ing associated with th 
gressive and rapidly exe 
Organization ore invited ft 
quire for further informati 


personal interview. 








MODERN 
ELECTRONIC 
ENGINEERING 
GIVES PRECISE 
MOTOR SPEED 
CONTROL 


Modern industrial electronic en- 
gineering has been coordinated 
with electric motor design to 
provide a versatile means for 
obtaining the full possible ad- 
vantage of speed control in DC 
motors while operated from the 
regular alternating current power 
line. Grid controlled “Thyratron” 
tubes are utilized for power con- 
trolled stepless variation to sup- 
ply motor armature power. 
Patented feedback, or 
circuits provide constant torque 


“Servo” 
capability over wide speed ranges 


of as high as 60 to 1 in some 
models and a minimum of 20 


to 1 in others. 


OlV. of ELECTRO DEVICES | 


4 Godwin Ave., Paterson, N. J 
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tern of stepwise calculations based on 
two numerical series: one to represent 
the clement subjected to a unit step 
input, and the other to represent the 
arbitrary input 

1. Figure 1 shows a linear element 
a, with its input r(t) and its output 


r (t) | ey } c(t) 
a eC 
——— J 





t 


FIG. 1 


c(t), and also shows a typical output 
when the input is a unit step change. 
If the output is divided into small 
consecutive time intervals At, as 
shown in Figure 2, then at these in 


> > 
[P+ 2 > / 


hs Tope 





/ndicial 
response 


FIG. 2 


tervals the response c(t) to the unit 
step input can be indicated by the 
mean values A,, A,, A A,. There 
fore, the number series that represents 
the element is given by 
a Ay 
ay A; 
a 
2. At instants t GO. Ae Z2dt 
sAt, etc., the values of the input sig 
nal r(t) equals r, %, 1 ln 
Knowing these two series, the out 
the element to the 
input rt) at the same instants can be 
given Dy 


put response of 


Teo a 

Ty a 

Ty Go 7 
T, de 


" 
v 
a 'n-k 


kno 


x Us 


\ simple tabular method that uses 
a tape on which is recorded the a, 
values of the clement facilitates the 
computations in Equation 2. Figure 3 
shows part of such a table. In the left 
hand column, write consecutive num 


which represent the interval 


In the next column f,, write 
values of the input signal. 


pers Nn, 
number. 
SUCCESSIVE 





f 


2 


L—_——_ + —_ 4 


FIG, 3 








next column is th d 


[he 


m which are the 


lig tape 
Lhe last 


alu > f 


values a 
olumn is reserved for th 
omputed in the following manne! 
“Put the tape on the table, first at 
a position to have a side by 
ide. Multiplying them together, we 
get r = ab,, and write it at the right 
hand side of the table. Next shift the 
tape one line downwards, thus bring 
ing a) and b, side by side and a, and b 
side by side. Multiplying neighboring 
b and a values, we get b,a 


ima «=D 


ind b,O¢. 
ind write 
shows the 


next Vv 


Adding them up we get 1 
it in the r, column 
position of the tape for th 
r,. Further steps are just th 

I'his out th 
tipulated by Equation thus, if the 
values of r, found in the right-hand 
olumn are plotted against time (in 
dicated by intervals n) th 
curve is the response of th 
a to input rf) 

Figures 4A and 4B show the step 
element 


| igure 
ilue 
ime 


Carries requirements 


ulting 


lement 


response of a proportional 








+ 
FIG. 4 


without dead time and an integrating 
clement with dead The num 
bers at the top of the curves are suc- 
cessive values of a, that 
a, eventually either zero or 
some constant value. ‘The: while 
the number of a x b products in 


tim 


and show 
reaches 


tore 





™~ 


- SS 


re 
¢ 
+" 


* 
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Operating room conditions for 


Inertial Instrument Development Engineering 


The work in this 5000 square-foot room at 
\UTONETICS is surgical in its precision, clinical in its 
standards of cleanliness. Here are assembled the pre 
cise mechanisms devised by the engineers and physi- 
cists engaged in the new field of INERTIAL NAVIGA 
rION SYSTEMS. Among the units are highly specialized 
types of Gyros and Accelerometers as delicate as a 
living organism. 

ach cubic inch of air in this room contains fewer 
than 6 dust particles whose diameter exceeds 0.3 
micron. Temperature variation is held to plus or minus 
1°; humidity to less than 50°.. AUTONETICS provides 
these ideal conditions, comparable with the standards 
attained in primary laboratory instrument work, to 
insure optimum results in the function of the tiny com- 
ponents, so painstakingly designed. The men who create 
them are reaching the highest levels of professional 
skill, as they obtain definitive answers to the problems 
of miniaturization and reliability under environmen- 
tal extremes. 

This facility is soon to be doubled. The hitherto 
unpublicized program is already ahead of the rest of 
the field. Prime need of the current expansion is for 


See us at booths 626 and 627 at the Instruments and Auto- 
mation Conference and Exhibit, New York, September 17-21 


AUTOMATIC CONTROLS MAN 


men who can make a creative contribution 

You Can Participate In This Work. Act Now: 
Here are the fields in which your individual contribu 
tion can bring you distinction in your profession 
Mechanical Engineering: Analysi 
Design and Test of ultra-precision inertial sensing and 


Development 


measuring instruments, 

Physics: Solution of unique instrumentation problems 
far beyond the s ope of routine design or mere ¢ xtrap 
olation from existing knowledge 

Electrical Engineering : Design and development of 
miniature, continuously-rotating and servo motors, and 
special transducers of extreme precision 

Electronic Engineering : 
and vacuum tube circuits as integral parts of instru 
for the 
unique and elaborate testing demanded by inertial 


Development ol transistor 


ment systems, and the electroni equipment 
systems. 

Response to your inquiry will be prompt. 
Write: Mr. A. Brunetti, Autonetics Engineering 
Personnel, Dept. 991-9 Con, P. 0. Box AN, Bell- 


flower, California. 


Autonetics 
A DIVISION OF NORTH AMERICAN AVIATION. INC 


HAS NEVER BU! T BEFORE 
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creases as the steps proceed, th 
computation work does not continu 
© To connect a Parker Intru indefinitely because a, eventually le 
lok flareless fitting, you cls off. 
don't take it apart. If 
© Simply push tube in, then 


tighten Intru-lok nut. Fool 
’ of cac c s own, the output 
proof; easy to use. cach element is knov e outy 


a system contains two clement 
in cascade and the unit step respons 


® Leakproof, vibration-proof ; of the second element can be found 
° Siclilininehtdtientbianal for an input to the first element by 
%" through 4” outside going through the routine twice Her 
diameters. Made of brass. | the response of the first clement acts 


© Ask us for price list and i as the input to the second element 
catalog listing shapes and : If the 


dynamics of the two element 
sizes. 


ire different two a tapes will be 

needed. ‘Then, using the table and 

tape method shown in Figure 3, the 

input to the systems is inserted and 

the procedure carried out. ‘The result 

ing c,, in the last column then 

transferred to the r, column, for it 

now represents the input to the se 

ond element. The a for the second 

clement is substituted for the original 

Order From Your Parker Distributor — or Tube a, tape, and the procedure is run 
and Hose Fittings Division, Section 419-F, The Parker through again. The final result there 

Appliance Co., 17325 Euclid Ave., Cleveland 12, Ohio. fore, is the output of the two cascaded 

Se ee ae 4 clements in response to an input at 

the first clement. If desired, both 

tapes can be used simultancously with 

more columns in the table, to obtain 
the same answer without doing any 
substituting or transferring of tap 
Ihe authors illustrate this particula 

approach 


0 e.¢ 


Having explained how the numer 
cal series and the table are used to 
find the response to any imput the 
authors extend the method to closed 
loop systems, Figure 5 shows such a 
svstem with a controller g and the 


A Mount transducer 


> Connect output to counter, recorder, 
“ er control 


rs Piug into AC outlet 


Automatically 
Batch and Count 
Metal Objects 


with NEW etectro 


FROXIMITY FIG. 5 


4950-8 system 


TRANSDUCER SYSTEMS $97.60 jist 


2 

* 

*. ~ 

eee 
eoeenee 


se 








mes 


controlled clement f. ‘Two tap 


are 


Now, extra sensitivity detects metals Send for new Bulletin and f,, 1 present their dynami 
at greater range. Drive electronic CPP356 today! simultaneous equations 
counters at frequencies up to 1000 ELECTRO é 

operations/sec. A variety of pickups lectro 

are provided to meet your particular PRODUCTS 

applications. JIC approved enclo- LABORATORIES 


sures available. Complete with 10’ 


a ol . 
cable and pickup. oan = oo tet Avenve zy 


LOngbeach 1-1707 
Model 4950-RB has SPOT Canada; Atlas Radio Lid., Toronto 
relay. Frequencies up to 3600 Complete line of transducers for 
operations/min, for controlling inetd ditesmemente. contre! tion. Figure 6 shows the tabu 
electrical circuits and machin- ki ’ taken to obtain the output 
ery. S110 list counting 6 recording . 
; c(t) with a unit step input 


—_ +82 ©. © = ~~. the input is a unit ste 
oe eee eeee en eeae 

eeees 
os rer Fo eM a e%e 


neeaeaeee 


describe the closed loop 





ON) 


e values at successive tim 
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Systems 
Career: a 


laboratory 
for 
learning 


Some extra advantages for 


Field Engineers include: 


for 


cin and rewarding 


its the Ek. or Ph 


) 
graduate who joins this hight 


eri lea 


As a Field Engineer at Hughes, through the Field Service and Support 
training and assignment you will becom« VISIO , the Technical Manual 
familiar with the entire systems involved, Engineer framing School Engineers, 
including the most advanced electronic Fechnical Liaison Engineers, and Field 
computers. W ith this knowledge: ou Modification Engineer 
will be ideally situated to broaden your Chis Hughes activity ts a highly trained 
expcricnce and le irning for future ippli orgamzation of ¢ kpert engmect niving 
canon im either the mulit iry or commer upport t the irmed Vict md air 
cial field frame manufacturers using the compan 
The national respect which Hugh quipment. Location Southern ' 
commands in the field of advanced cle« California, continental — a 
tronics is in no small part due to th 
echnical support provided by the Field 


Engineers. Other contributors to the suc- 


HUGHES 





ientiiic Stall Relat 
RESEARCH AND DEVELOPMPED 


MUGHES AIRCRAFT 


( 


Culver City, j 
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STOP 
GUESSING 


START 
SAVING! 


Chronologically 
records actual 
on-and-off time 
by duration 


Gives absolute 
time-study data 
per operation 


Establishes true 
, cost accounting 
gives complete production 
: Permits supervision 

data continuously... automatically of parts replacement, 
Now get complete, accurate, Fepews, metmenenee 
documented production data on Gives total operating 

" 4 ti time of machine, 
any machine, process, operation. feed or belt-line 
Eliminates costly, inaccurate spot- 


, | 
checks, time studies. Allows ability to 


anticipate equipment 
TR+T records on continuous 4-month cavers 
tape. Uses no ink. No maintenance. 

Thousands in use in large and small plants. 


Write for brochure "'G-12" and list of users, 


STANDARD INSTRUMENT CORP. 


DIVISION OF HEAT-TIMER CORPORATION 


657 BROADWAY + NEW YORK 12, N.Y 





NOW MEASURE 
FASTENER LOADS 
ACCURATELY AS 


THEY ARE 
TIGHTENED with 


Load-Sensitive Bolts 


A positive and accurate method of 
measuring loads os they are tightened. 
Special resistance-type strain gauge, 
potted axially, gives reading direct in Ibs. 
Use to distribute loads evenly in bolt 
groups, or for testing or design work. 
Available on order in most bolt, screw, or 
rod sizes and materials. Write for in- 
formation. 








~ a o 
Aircraft Testing 


PIC, Polyphase Instrument Co. 
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1, etc., and can be written into the 
table beforehand. 
: till unknown; 


FIG.6 
thus this space is left blank. Assum 
ing (without writing in the table 
C, is zero, ee’ is found to equal 0.5; 
e means temporary value of ¢ 
Write in this temporary value in the 
left-hand side of the slant in the box 
The output of element g for the a 
sumed input ¢,’ is equal to y,’ 
Cog, 0.5 Lo, which should be written 
in the left half of the y-column. The 
output of f for the input y,’ is given a 
Cf Vif, 0.5 gfe. This is entered 
in the box in the righthand column 
Then c,’ is divided by (1 + gof This 
gives the required output « his is 
Cn ™Cn’/(14+GnS,), for the general case (4 
The value of c, found in column c, i: 
then written in. From c, can be found 
Io Co = G, and } Lo, and the 
empty spaces to the right of the slant 
lines can be filled in 

“For the next time interval shift 
the tapes g, and f, one line down 
wards, Leaving the spaces in the ¢ 
column vacant, write in the left sid 
of the box in the e, column the 
value (which is equal to unity in ou 


example). From the assumed value of 


ec r,, calculate y,’ 2.00 + Boe 
and write this in the last half of the 
box in the y, column. Similarly cal 
culate c/’ fiy, + fy,’, and write in 
the right-hand column. Equation 4 
gives the c, which should be in the 
c, column. For other values at suc 
ceeding time intervals continue the 
procedure ™ 


Generating Pulses 


From “A Variable Multiple Pulse 
Stream Generator’ by W. Woods 
Hill, British Tabulating Machine 
Co., Ltd. “Electronic Engineering” 
(British), July 1956 


“It was noticed that a large part of 
engineers’ time was devoted to de 
signing and building complex pulse 
stream generators for testing discrete 
computer circuits. These generators 
were often as complex as the section 
of machine they were to supply; fur 
ther, each one had to be tailor made 





The Jet Propulsion Labora 
tory is a stable research and 
deve lopment center located 
to the north of Pasadena in 
the foothills of the San Ga- 
briel mountains. Covering an 
area of 80 acres and employ 
ing 1450 people, it is close to 
attractive residential areas. 


The Laboratory is staffed by 
the California Institute of 
Technology and develops its 
many projects in basic re 
search under contract with 
the U.S. Government 


Inquiries leading to employ 
ment of qualified personnel 
are now invited 





IMPORTANT DEVELOPMENTS AT JPL 





Central Recording Systems for Rocket Engine Tests 


The Jet Propulsion Laboratory pioneered in cen 
tral recording of rocket engine measurements when 
in 1948 the Laboratory established its first system 
serving five engine test cells 


From this early beginning involving but a few 
instruments, central recording systems both at the 
Laboratory and elsewhere have expanded to the 
complex multi-channeled systems now required for 
modern-day development of missile systems 


The central recording system combines recorders 
transducers, amplifiers, carrier systems, control net 
works, Calibrating standards, wired-telemetry chan 
nels, and special devices into an integrated complex 
to measure the multiplicity of variables of a rocket 


engine test. T ough flexible interchanges of cam 
munications channels the entire system becomes 
available for engine tests progressing at any one of 
many rocket engine test cells accomplishing an 
economy of instrumentation investment and opera 
tion with improved reliability 


Among the special devices, the Laboratory intro 
duced high-speed encoding of instrumentation-level 
voltages, on-line computation of rocket-engine 
performance parameters, and rotary-element flow 
meters for hazardous fluids. The Laboratory is in 
the forefront of the development of missile-system 
instruments such as transducers, recorders, stand 
ards, controls, data-transmission and data-handling 
systems, and computer 





INSTRUMENTATION + APPLIED PHYSICS + DATA HANDLING + COMPUTERS 
TELEMETERING + RADIO AND INERTIAL GUIDANCE + GUIDANCE ANALYSIS 


SYSTEMS ANALYSIS - MICROWAVES 


ELECTRO-MECHANICAL + PACKAGING 


MECHANICAL ENGINEERING 





JET PROPULSION LABORATORY 


A DIVISION OF CALIFORNIA 


PASADENA 


INSTITUTE OF TECHNOLOGY 


CALIFORNIA 
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ABSTRACTS 


to suit whatever section of a proposed 
machine (arithmetic unit, division 
sub-routine, etc.) was to be tested 
next.” ‘Thus Woods-Hill points out 
the reason for designing a simple, ver 
satile, and flexible pulse-stream gen 
erator in testing digital-computer ci 
cuits 

Ihe electronic and mechanical d 
sign of his generator meets require 
ments for testing circuits whose pulse 
patterns cannot as yet be predicted be 


} 


cause the circuits themselves have not 


been designed. This arrangement doc 

ad not produce pulse streams at as high 
it i rate as alL-electroni cquipment duc 
to the mechanical components), but 

ee its flexibility in setting vp patterns and 

ourself its low cost make up for this lack 

y Ihe required pulse pattern 
punched on a metal-backed 


busin 
machine card (shown in Figure | 
This card is wrapped around the 

Where custom systems are involved, it just doesn’t pay to do the work =‘"otor-driven drum shown in figure 

yourself. Not when EECO can do it for you—expertly, efficiently—without 2. As the card rotates, the pulse pat 

disrupting the normal productive activities of your engineering staff. 

Major EECO installations in operation in all parts of the country are P 5 5 

proof of Electronic Engineering Company’s ability to design and produce = mt0ClU 

anything from single-rack recording systems to the most complex multi- : ‘ 

console master installations. And EECO design techniques, perfected - 2 ery 

through years of systems work, are now ready to be put to work for . 


you in an EECO engineered system to meet your exact requirements. 


One wing of the EECO Central 
Dual Timing System at Patrick 
Air Force Base, Florida. This 
system is a master time signal FIG. | 
generating installation for ; 
the base and ties in with all 
instrumentation operations for 
guided missile testing. 


tern punched on the card passes under 


cleven probes lined up 


PLUG-IN CIRCUITS 


...your key to lower design and pro- 
duction costs. These EECO plug-ins 
have proven themselves in scores of 
major installations...the one above 
contains more than 2,500 units. 
Originally designed for EECO sys- 
tems, these packaged circuits are 
now available to you. Complete data umns on the card. Radio-frequency 
on standard and custom circuits in coil L, rotates with the drum and 


catalog H-2. th raises the potential to 200 volts peal 
signal in the capacitance formed in 


ELECTRONIC ENGINEERS AND PHYSICISTS — EECO offers unusual career part by the metal-backed card 
opportunities for advancement and professional growth in the creative ‘When a punched hole passes im 
field of systems and related electronic projects. Send resume to the 

attention of R. F. Lander. 


mediately under the tip of an prob 


the amount of rf pi ked up by the 


probe drops sharply. This reduction 
; % ; in energy reaching the probe is inter 
Electronic Engineering Company preted at the output of th um plifie 
of California and rectifiers attached to the probe a 
a positive pulse. The pulse is clipped 
and its subsidiay EECO Production Company and shaped ind deliver low 
180 South Alvarado Street * Los Angeles 57, California impedance to the output lin 
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New Horizons 
for Research Engineers 


Engineers Apply Now for a Lifelong Career 








NEW BENDIX RESEARCH LABORATORY LOCATED IN 
SUBURBAN DETROIT OFFERS OUTSTANDING FUTURE ear aioe 
COMPUTERS 
ANALOG 


The imposing contemporary § structure work in the following fields: | DIGITAL 


pictured above is destined to change the ' 
ERVO MECHANISMS 
lives of many research engineers. /¢ may kor this modern laboratory, Bendix need 
even change yours. It is the new laboratory engineers and scientists with imagination RADAR RESEARCH 
AND MICR( 
of the Bendix Aviation Corporation Re and research ability for permanent career AND MICROWAVE 
search Laboratories Division, located in positions. Here a tremendous chance to MECHANICAL SYSTEMS 
quiet, uncongested suburban Detroit. This grow professionally ... to do first-cla 
AUTOMATION 
MACHINE DESIGN 
MACHINE TOOL CONTROLS 


modern installation is designed to provide research work...to take part in the ex 
the research man with ideal working con ploration of new fields .. . and to become 
ditions and atmosphere. Its facilities and associated with one of America’s great 


ryy 


. ICS it UME? or 
equipment are the most mode rn, and it scientinc organizations. If you're in taney idee 
MASS SPECTROSCOPY 


offers an unusually creative environment terested and would like to get in on the 
for advanced research and development ground floor, act today! LID STATE PHYSICS 
MISSILE GUIDANCE AND 


CONTROL SYSTEMS 
= C 
WRITE PERSONNEL DIRECTOR MICROWAVE TUBE 
OR RESEARCH LABORATORIES DIVISION DEVELOPMENT 
BENDIX AVIATION CORPORATION NUCLEAR REACTION 
WIRE 


4855 FOURTH AVENUE, DETROIT 1, MICHIGAN 


Researcu Lasoratorirs Division oF ~ Genol7 


AVIATION CORPORATION 
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SWITCHBOARD-PROVED 


Plugs 
and Jacks 


7 


The veteran of telephone 
equipment suppliers 


STROMBERG-CARLSON 


offers you the plugs and jacks 
which survive the torture test of 
PBX switchboard work! 


No matter what programming or 
patch panel project you have, we 
doubt if it will subject plugs and 
jacks to a tougher test than daily 
use by a telephone switchboard 
operator. 

We've been making these prod- 
ucts for this purpose for over half 
a century. Their ruggedness and 
dependability are attested by serv- 
ice records in telephone companies 
from coast to coast—and in instal 
lations of our armed forces all over 
the world. 


A CATALOG of Plugs 
and Jacks has just 
come off the press 
and will be mailed 
to you on request, Or 
write to the address 
below for a specific 
need you may have 


STROMBERG-CARLSON 


A DIVISION OF GENERAL DYNAMICS CORPORATION 
TELEPHONE INDUSTRIAL SALES 
112 CARLSON ROAD, ROCHESTER 3, N. Y. 
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NEW BOOKS 


Rocketry 


Rockets AND Gutpep MiIssILes 
John Humphries. 299 pp. Published 
by Emest Benn Ltd., London, EC4, 
England. 1956, 30 shillings. Sold 
in U. S. by The Macmillan Co., 
New York. $6.00. 


This book is for thos enginece!s 
who, while not in the field, would like 
an overall picture of rocket motors and 
guided missiles. Emphasis is on the 
general problems involved—the book 
is not intended as a compilation of the 
world’s rockets and guided missiles 
Although specific points are illustrated 
by specific types, these illustrations are 
often of German origin because of th 
scanty technical detail on post-war de 
velopments. 

The content is deliberately descrip 
tive, the reason given being that the 
mathematical approach has been well 
covered elsewhere (G. P. Sutton, 
Rocket Propulsion Elements, John 
Wiley & Sons, Inc 

The reviewer found thi 
readable 
prove of 


book most 
instructive. It should 
interest to those who ar 
directly concerned with problems of 
missile guidance and control, as well 
as to those who are interested in th 
subject from a military standpoint or 
who are following the current activity 
underlying launching of the first 
rocket-propelled space-satellites (sex 
“Systems-Engineering the Satellite” 
page 22), 

The essence of the book may be 
indicated by a brief survey of the con 
tents: Introduction and history; solid 
and liquid propellant rocket motors; 
liquid propellants; liquid propellant 
motors—components and units: test 
ing motors and propellants 
missiles—their aerodynamics and guid 
ance; short-range aerodynamic missiles 
long-range ballistic research 
missiles and missile te aircraft 
propulsion; miscellaneous rocket ap 
plications; and the 
cnergy and space flight 

The bibliography merits special at 
tention. In this field it is not too easy 
for the outsider to find relevant refe: 
ences and hence a comprehensive, al 
though by no means exhaustive, list of 
references has been compiled which 
was up-to-date as of September, 1955 
It includes 24 books, each briefly 
described; five major journals, and 217 
articles and reports 

Beyond question, this book fulfills 
the author’s intention: a practical engi- 


and 


liquid 
missiles: 
ting 


future—nuclea: 


CRITICAL 
POT SPECS* 
are met at CIC 


Equipment designers who demand 
more than “shelf item” specifications, 
rely on CIC for dependable delivery of 
ultra-precise potentiometers. 

The result of CIC research, carbon 
film potentiometers are setting new 
standards of accuracy, life at higher 
speeds and performance reliability 

CIC has assisted many firms in a wide 
variety of industrial instrumentation, 
military fire control and flight guidance 
equipment. 

Why not discuss your specific re 
quirements with us? 

*New carbon film techniques assure 
virtually infinite resolution; linearity 
to 01%, 025% 
compact ganging; precision ball 


bearing servo construction 


sine-cotine to 


“For Precision Performance... specify CIC” 


e Detailed Technical Data 


Sheets available on request 


COMPUTER 
INSTRUMENTS —> 
CORPORATION 


Ave * Hempstead, Long Island, N.Y 





Making possible for you es |. __ Publisher's 
the maximum utilization 
of available design theory 


Edition, $12.60 


This book will be given to you 
with your first selection and 
charter membership in the McGraw-Hill 
Electronics and Control Engineers’ Book Club 





Published 1955 


Y Automatic Feedback 
7’ Control System Synthesis 
by John G. Truxal 


issoctate Professor of Bleotricai 
Engineering 
Polytechnic Inatitute of Brookiyn 


A notably complete and current compilation of methods 
useful in the design of feedback ystems. This graduate- 
° level account of modern feedback theory, with emphasis on 
Announcin the synthesis of feedback control systema, includes an 

eee abundance of worked examples and concise summaries 
which make it invaluable for both advanced students and 


° practicing engineers 
a new McGraw-Hill Book Club The book is highly recommended to all engineers.” 


Physica Today, August, 1965 
for Electronics and Control Engineers (oS 


Mail Entire Coupon to: 
The McGraw-Hill Electronics and there will be at least three that 
Control Engineers’ Book Club is you would buy in any case. By The McGraw-Hill Electronics and Control Engineers’ Book Club 
being organized to provide you joining the club, you save yourself 330 West 42nd Street, New York 36, MN. Y. 
with a technical reading program the irritation of shopping and save, Please enroll me as a member of the Blectronics and 
that cannot fail to be of value to in cost, about 15 per cent from Control Engineers’ Book Club. I wish to take as my 
you. It = oqene Se er a publishers peste No cmgane first selection the book checked below 
outstanding ooKs in your elc program coulc 1 BO convenien ” 
which, through a variety of human or so economical. f | Contees of ipstenr Roasters ond rotessor of Engineering Desien, 
reasons, you might otherwise miss How the Club operates. Wvery Westinghouse Electric Corporatior ' dition $7 6. Club Priee, 
Stop here for a moment and check second month you receive free of Publisher's ¥aition, §7.50, Club 
the ten important books listed in charge The Electronics and Con- s Abraham Cot The Compleat Strategyst by J 
the coupon. How many of these trol Engineers’ Book Bulletin (is- ' or Products, ine. and Ww ee sens my A we Mathe 
books do you own? Have you been used six times a year). This gives , ms, Texas Instrument a. Publisner’s ane rky 
denying yourself the stimulus, the complete advance notice of the Compane r Edition ib Price, $4.10 ’ 
positive help that they could give next main selection, as well as of 6.00. Club Price, $5.00 Controt-System Oynamice by 
you? They are the contributions a number of alternate selections eee ane se Space V. Kh. Evans, Controls Group 
of specialists in almost every If you want the main selection Professor of Electrical Engineer ut Kleetro-mechanical Pngi 
branch of your field——authorities you do nothing: the book will be ing, Dean of the Behool of En ering Department, North Amer 
who offer their practical guidance malled to you. If you want instead gitecrins Stanford University aviation, ims ae ah eee 
for your use at any time. Possibly an alternate selection, or if you 





“ublisher’s Edition, $12.50. Club o~ n, $7.00 . lub Price 5.06 
A f ¢ 

just one idea from one of these wish no book at all for that two- pres, 10 a. as Miata Ae . ot seasuromen=e, Ene 
books could mean more to you in month period, you notify the Club dlogue Computers bw ( A A eet Engineering and 
actual dollars and cents than simply by making use of the form Wass, Senior Principal Selent p 4chool of Engineering and 
many times the cost of the book and return envelope provided with Officer, Reval Aire it ate Professor 
Add any one of them to your per each Bulletin for this purpose rm ag usb r’ fl cal Pnaine ing aster 
sonal! library and you are apt soon ' i ha a. Rx oo -.  « ’ , BAition, 
to number it among the most ef- ar y 


mason, Radio Keaes Elements of Servemechaniom 
fective working tools in your few as three volumes in one year Katabliad t, England. Pu Theory by G. J. Thaler, Associate 
“5 


possession fulfills all your membership re- ote, ON, Comm Pirie ical Engineer 

The choice is yours. These ten quirements. And if you choose, you 

books suggest the quality of the may cancel your membership any- 

> , . ba ace avs : ti g + “cept s 

Hoy i a oo nt ~y othe Sooke — Sees JUN Gives I am to receive FREER with the book yore « gift copy of 
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Club. All selections will be chosen Send no money——just the coupon. first selection only at the special club price, plus @ few additional cents 

by the editors of the McGraw-Hill Why not immediately enjoy the for postage and handling 

Book Company whose thoroughgo stimulus and positive help this new Forthcoming selections will be describe me in advance and I mag de- 

ing understanding of the stand program can afford you? By tak- ¢line any book. I need take only wleot w alternates in 12 months 
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selections. Feedback Control System Synthe- | 
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to the purchase of three books in a above as your first selection—at 

year. Certainly out of the large the special Club Price. 

number of books in your field of- ‘ 

fered you in any twelve months So mall the coupon today! 


You need not accept a book every 
other month. The purchase of as 4 
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are you running behind in the vicious race 
for qualified research and production men? 





FOR HIRE experienced technicians 
with qualifications you want 


The critical shortage of experienced physicists, engineers and pro- 
duction craftsmen needn’t curtail your output—reduce your profits. 
The Mechanical Division of General Mills has trained men and 
specialized machines ready today to handle your design require- 
ments and production of 


e electro-mechanical systems or components 
@ tine-pitch, instrument-type gears 
@ precision parts, cutting, grinding, finishing 
¢ industrial or military optical assemblies 


You get the type of engineering and manufacturing you're proud 
to call your own. You meet delivery dates. You eliminate capital 
expenditures for plant expansion. And, you get out of the vicious 
race for men qualified to do the job the way you want it done. 

Our reputation for creative research and precision production has 
been built over 16 years of ordnance and instrument work for the 
world’s most exacting customers. You can join this group profitably. 


RESERVED FOR YOU: this interesting, fact-packed booklet 
Send today. Booklet shows our faciiities, names our cus- 
tomers. It introduces you to on-time, precision produc- 
tion. Write Mechanical Division, Dept. CE9, General 
Mills, 1620 Central Ave. N.E., Minneapolis, Minn. 







MECHANICAL DIVISION 
or General Mills 
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NEW BOOKS 


neering treatise on the present position 
ind possible future of the rocket motor 
and its applications, with emphasis on 
guided missiles, and is highly recom 
mended by this reviewer 

I'he following books selected from 
Humphries’ bibliography ire ilso 
recommended by the reviewer 
|. Rockets, Missiles and Space Travel 
W. Ley. Edition 2, 1951, 436 pp 
Ihe Viking Press Inc., New York 
$5.95. An excellent nontechnical in 
troduction especially strong on histor 
and imagination 
2. Development of the Guided Mis 
sile. K. W. Gatland. Edition 2, 195 
292 pp. Iliffe & Sons, Dorset House 
London, England. 15 shillings. A very 
good semi-popular account of variou 
types of missiles 
3. Guided Missiles A R. Weyl 
1949, 139 pp. ‘Temple Press, London 
England. 7 shillings, 6 pence; S. J. R 
Saunders & Co., ‘Toronto, Can., $1.25 
\ descriptive account emphasizing 
much history 
. Vs. oe Dornberger 1954 26+ pp 
Ihe Viking Press, Inc., New York 
$5.75. A fascinating, largely nontech 
nical account of the developmet of th 
V-2 missile by the man who was most 
closely associated with the project 
5. The Viking Rocket Story. M. \W 
Rosens. 1955, 242 pp Harper ind 
Brothers, New York, $5.00. A highh 
readable outline of the development of 
this rocket 
6. Interplanetary Flight: An Introduc 
tion to Astronautics. A. C. Clarke 
1950, 164 pp. Temple Press Ltd., Lon 
don, England. § shillings, 6 pence 
An excellent semi-enginecring account 
of modern astronautics 

Space Travel. K. W. Gatland and 
A. M. Kunesch, 1953, 205 pp. Allan 
Wingate, London, England, 15 shi 
lings; Philosophical Library, Inc., New 


York, $4.75. A very good survey of 
the problems of making space travel 
a reality 


8. Rocket Propulsion: With an Intro 
duction to the Idea of Interplanetar 
I'ravel. E.. Burgess. Edition 2, 1954 
235 pp. The Macmillan Co., Nev 
York. $4.50. A good introduction bi 


a well-known English writer 


9. Rockets, Guns, and Targets. Edited 


by J. E. Burchard. 1948, 482 pp 
Little, Brown & Co., Boston, Ma \ 
very interesting, rather technical a 

count of the rockets and a ciated 
devices developed during World War 
Il by the Office of Scientific De lop- 
ment & Research 

10. Guidance. A. §S. Locke and col 
leagues. 1955, 729 pp. D. Van No 








trand Co., Inc., Princeton, N. J. 
$12.50. A technical account of the 
problems of missile guidance (see CtE 
review, March 1956, pp. 167-168 


Game Theory Basics 


[He THeory or GAMES AND LIN- 
EAR PROGRAMMING. S. Vajda. 106 
pp. Published by Methuen & Co., 
Ltd., London, England. 8 shillings, 
6 pence. Sold in the U. S. by John 
Wiley and Sons, Inc., New York. 
$2.00. 


Almost all of the published books 
on linear programming and game the 
ory have been too comprehensive and 
too profoundly mathematical for the 
scientist or engineer seeking a concise 
introduction to the two topics. Here 
is a short work, though, which com- 
bines simplicity with elegance to serve 
as an excellent primer in linear pro 
gramming and game theory. 

The coverage and interweaving of 
the two fields are demonstrated by 
the chapter summaries. I. “An Out 
line of the Theory of Games” is a brief 
statement of the origins of game 
theory and an introduction of the 
major problems considered in the 
book. II. “Graphical Representa 
tion” depicts basic concepts in the 
Theory of Games geometrically. III 
“Algebra of the Theory of Games” 
gives algebraic notations derivation of 
general results and theorems (includ 
ing the minmax theorem funda 
mental to game theory). IV. “An 
Outline of Linear Programming” 
states the basic problem of linear 
programming as the search for the 
non-negative solutions of a set of m 
linear algebraic equations in N un 
knowns which minimizes a given lin 
ear form of the N variables, and in 
troduces its Simplex Method solution. 

V. “Graphical Representation of 
L. P.” geographically represents lin 
ear programming. VI. “Algebra of 
the Simplex Method” extends the 
Simplex Method through algebraic de 
tail of its principal features and varia 
tions in computational routine. VIL. 
“Degeneracy and Other Complica- 
tions’ presents a detailed resolution of 
several computational difficulties that 
may arise in Simplex Methods solu- 
tion. VIII. “Duality” states the dual 
of the basic programming problem, 
the search for the solutions of a cer 
tain set of N linear algebraic equations 
in N + m variables, of which N are 
sign-restricted, while the others are 
not. It also proves the Fundamental 
Duality Theorem and recounts the 
Dual Simplex Method of solution 
IX. “The Solution of Games’ relates 
games to the theory of linear program 
ming. X. “Graphical Representation 

















Lepel 
HIGH FREQUENCY 


Fail, ay hi 


HEATING 


The Lepel line of induction heat- 
ing units represents the most advanced 
thought in the field of electronics as well as 


developed for industrial heating. With a background of half 





a century of electrical and metallurgical experience, the name Lepel 
has become the symbol for quality in induction heating equipment 


embodying the highest standards of engineering achievement, dependable 


low cost operation and safety. 


if you are interested in the application of induction heating you are invited 
te send samples of the work with specifications of the operations te be 
performed. Our engineers will process these samples and return the com- 
pleted job with full data and recommendations without any cost or obligation. 


TYPICAL INDUCTION HEATING APPLICATIONS 





A widely used application in which sev 
eral ossemblies, consisting of o bross 
body, six radiator fins and a mounting 
stud, ore being soldered simultane 
ovily. The production of similor parts 
con be further increased by using two 
work coils and ao chonge-over switch 


The illustration shows a lens grinding 
block being heated within the dome- 
shaped work coil. The heat: generated 
in the metal block softens the pitch 
enabling the operator to remove the 
ground lenses ond insert the neat 


batch. The entire operation is com- 
pleted in a few seconds 





Electronic Tube Generators—1 KW; 2):KW; 
5 KW; 10 KW; 20 KW; 30 KW; 50 KW; 75 KW; 100 KW. 


Spark Gap Converters 2 KW; 4 KW; 7 KW; 15 KW; 30 KW. 


WRITE FOR THE NEW LEPEL CATALOG . . . 36 illustrated pages pocked 








with valuable information. 


All Lepe!l equipment is certified 
to comply with the requirements 
of the Federal Communicotions 
Commission. 


LEPEL HIGH FREQUENCY LABORATORIES, INC. 


; 


EW YORK TY 
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Distributed Constant 
Lumped Constant 


Ultrasonic 


Brew Delay Lines 





Here are some reasons 
why you can be sure your 
requirements 


> 


will be 


fully satishied when you 
come to Brew for delay 


lines: 


bound 





custom built to your specifications 

wide experience in all type lines 

advanced packaging techniques 

special manufacturing and testing procedures 
modern facilities and skilled personnel 
exacting quality control 

continuous research and development program 


Send us your specifications or send for Cata- 
log 54 giving the complete Brew story. 


Richard D 


Brew and Company, Inc 





Curtiss-Wright 
“SNAPPER” 


CONTROL 








NEW CONCEPT... ADVANCED DESIGN 
IN THERMAL TIME DELAY RELAYS 


Designed for high performance and 
long life, the Curtiss-Wright “SNAP- 
PER” Thermal Time Delay Relay 
is proving itself in countless appli- 
cations involving time delay in elec- 
trical circuits, Such applications in- 
clude circuits to provide definite 
on-off time intervals to delay the 
application of high voltage until 
after warm-up period and for over 
and under voltage protection with 
simultaneous fault indication. 


These relays have single-pole dou- 
ble-throw contact action, high am- 
bient temperature range, freedom 
from chatter and arcing, and are 
small in size. The “SNAPPER” 
thermal time delay relays are fac- 
tory pre-set from 3 to 120 seconds. 
They are available in metal en- 
velope, miniature (7 and 9 pin) or 
octal (8 pin) and in a glass envelope 
in 9 pin only. 

Curtiss-Wright manufactures the 
High-Low “SNAPPER” Differential 
Thermostat with high precision 
characteristics. Write to Thermal 
Devices for complete data. 


CURTISS-WRIGHT 





NEW BOOKS 
of L.P.(2)” generalizes the consid 
crations of Chapter Il. XI. “The 


Method of Leading Variables’’ intro 
duces another method of solution. 
The text is clearly and accurately 
written. A knowledge of the elements 
of algebra and of linear analytic ge 
ometry provides the necessary mathe 
matical background. ‘The computa 
tional aspects are rather thoroughly 


treated, but the actual calculation i 
maintained at a level such that 
all numerical results can casily be 


checked. The algebraic detail of fun 
damental theory and computation i 
illuminated by geometric counterpart 
All important points of theory and 
computational procedures have illus 
trative numerical exampk Although 
most examples are two-person games 
for simplicity’s sake, the treatment 
provides both a good scansion of basic 
theory underlying multiperson games 
and an excellent introduction to the 
subject as a whole. 

I'herefore, the reviewer recommends 
this book to anyone who secks a basic 
knowledge of linear programming—ei 
ther in its special aspect of game the 
ory or as a powerful analytic tool. 


Roots of Numerical Analysis 


INTRODUCTION TO NUMERICAI 
Anacysis. F, B. Hildebrand, Asso 
ciate Professor of Mathematics 
Massachusetts Institute of Tech 
nology. 511 pp. Published by Mc 


Graw-Hill Book Co., Inc., New 

York. $8.50. 

“This volume,” the author says of 
these revised notes for an introduc 


tory course at MIT’, “is intended to 
provide an introductory treatment of 
the fundamental processes of numeri 
cal analysis which is compatible with 
the cxpansion of the field brought 
about by the development of the 
modern high-speed calculating devices, 
but which also takes into account the 
fact that very substantial amounts of 
computation will continue to be ef- 
fected by desk calculators (and by 
hand or slide rule), and that famil 
iarity with computation on a desk cal- 
culator is a desirable preliminary to 
large-scale computation in any case. 

“Perhaps the most rapidly develop 
ing phase of numerical analysis is that 
which deals with the approximate so- 
lution of partial differential equations 
But a basic understanding of the more 
involved problems which arise in that 
phase of the analysis depends strongly 
upon familiarity with similar problems 
which arise, in a somewhat simple: 














way, in connection with the processes 
of interpolation, numerical differentia- 
tion and integration, and the approxi 
mate solution of ordinary differential 
equations, in which only one inde 
pendent variable is involved. These 
are the topics which are to be treated, 
for the most part, in what follows.” | 
The specific topics covered in the 
nine chapters following the introduc- 
tion are: interpolation with dividend 
differences, 5 pages; Lagrangian meth- 
ods, 31 pages; finite-difference inter- 
polation, 37 pages; operation with | 
finite differences, 60 pages; numerical 
solution of differential equations, 70 
pages; least-squares polynomial ap-| 
proximations, 54 pages; Gaussian quad- 
rature and related topics, 56 pages; 
approximations of various types, 56 
pages; and numerical solution of equa- | 
tions, 61 pages. 
Of considerable usefulness to the 
control engineer are the basic concepts 
of approximation, error and signifi 
cant figures (Chapter 1); the consid- | 
eration of error propagation in step 
wise integration procedures in nu 
merical solution of differential equa 
tions (Chapter 6); the accounts of 
orthogonal ae od (Chapter 7) and 
of ‘harmonic analysis and Prony’s 
method (Chapter 9); and Bernoulli's | 
and Lin’s methods of obtaining roots | 
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of equations (Chapter 10 These 
last items receive excellent resumes 

rhe main context is well supported 
by various auxiliary sections. Besides 
a preface, which reviews the current 
activity in numerical analysis and in 
dicates the substance of the book 
and well-detailed table of contents 
which provides quick location of a pat 
ticular topic. there are three appen 
dices: A, “Justification of the Crout 
Reduction” of determinants, which is 

perhaps—the reduction most used 
in engineering work; B, a very excel 
lent bibliography divided into “Gen 


eral References’ (22 of the most 
important American and European 
books on numerical analysi Col 


lateral ‘Texts and Journal References 
218 items); and ‘Mathematical ‘Ta 
bles” (35 references providing “tabu 
lations of functions, zeros of func 


tions and coefficients of formula 
which are directly relevant to tech 
niques of numerical analysis”), and 


C, a “Directory of Methods” for using 
the volume. 

I'he stvle of presentation quality 
of exposition, precision of develop 
ment, and clarity of explanation of 
difficult points of analysis are most 
admirable. Some 513 problems, 
grouped at the end of each chapter 
are keyed—uniquely—to the respec- 
tive sections and furnished in part 
with answers. Each chapter closes 
with references to those books listed 
in the bibliography which more fully 
cover the topics in the chapter 

here is a remarkable freedom from 
typographical errors and a very high 
level of analytic accurac' A check 
with 1 colleague who used it as a class 
room text confirmed these observa 
tions and elicited the remark that it 
is an eminently teachable book, espe 
cially suited to the engineering o1 
physics graduate student seeking a 
basic knowledge of numerical analysis 

I'his reviewer believes that the text 
is the best one available for the control 


and/or computer engineer who wishc 


through self-study——to gain, extend 
or review a basic knowledge of nu 
merical analysis for use in his day-to 
day work 


NOTE: Though few typographical er 
rors were noted, the following occur 
at especially strategic points: on page 
460, a, should be 2e,; in the table on 
page 466, the numbers 155 
65448430, and 11045 should be 

165, 65447790. and 65845 respec 
tively; and in the second line of pag 
467, the number 654458430 should 
be 65447790 
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tion of Coleman Digitizers 
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of shaft position. They can 


matized tems, a Digi 
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convert digital inputs to 
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digital computers 
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3C digital components — 
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l-me gating circuits with simple 
plug-in logic connections. 


15 or 30 separate 1-microsec. high- 
fidelity electrical delay lines with 
convenient rack-mounted plug- 
board panel. 
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microsec., accurate to 0.1 microsec 
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cooling units, and other accesso 


) Data converters, power supplies, 
ries for high-speed pulse systems 


COMPLETE SERVICES for 
problem analysis and digital sys- 
tem design, construction, pro- 
gramming, and operation. 
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Positive detent arrangement maintains time setting unfler all 
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of 0.2—30 seconds, 


CONTROL ENGINEERING 

















NEW BOOKS 


Digital Computers 

Avromatic Dicira, COMPUTERS. 
M. V. Wilkes, Director of the Cam 
bridge University Mathematical 
Laboratory. 305 pp. Published by 
Methuen €& Co. Ltd., London, 
WC2, England, 42 shillings; sold 
in the U.S. by John Wiley & Sons, 
Inc., New York. $7.00 


This book is an excellent general 
introduction to the major principles 
which underlie the design and use of 
digital computers. It stresses the sub 
ject generally known as “logical de 
sign” and does not obscure it by too 
many details about electronic circuit 
techniques. Also covered are the way 
in which programs are formulated and 
methods by which the machine itself 
can be made to lighten the labor of 
the programmer. 

Several machines are described in 
some detail, while others are used to 
illustrate specific aspects of construc 
tion or a le No machine 
however, is described exhaustively. 
Instead, emphasis is placed on the 
logic of design. 

Chapter 1, “The Development of 
Automatic Digital Computers” (39 
pages), is a detailed account of the 
development and operational features 
of the following developments: Charles 
Babbage’s calculating machines (many 
of the principles of modern machines 
are encompassed in his “analytic en 
gine’), the Automatic Sequence-Con 
trolled Calculator Mark I (which, 
when installed at Harvard University 
in 1944, was the first truly automati 
calculating machine finished the 
ENIAC (the first electronic automatic 
calculating machine to be peo 

Pennsylvania University, 1946), and 
the EDVAC (at the Aberdeen Proving 
Grounds). 

Chapter 2, “The Principles of Logi 
cal Design” (47 pages), gives a de 
tailed logical description of Cam- 
bridge University’s EDSAC, follows 
this with an account of a parallel-mode 
machine, and then discusses the vari 
ous alternatives open to a designer in 
selecting the logical design for a new 
machine. References are made to vari 
ous automatic calculating machines 
now in use, especially to those that 
have influenced basic thinking on logi 
cal design. Areas covered include gen 
eral principles of design; decimal ma 
chines; input, output, and auxiliary 
storage; checking of numerical result 
and speed. 

Chapter 3, “The Principles of Pro 
gramme Construction’’ (47 pages), 
covers the systematic use of sub 
routines for the construction of pro 
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grams. Treatment of the construction 
of subroutines and their assembly into 
programs is followed by special con 
siderations in making up a subroutine 
library Accounts of multiaddress 
codes; auxiliary store; error diagnosis, 
conversion routines; and 
programming 
out the chapter. 
Chapter 4, “Relay Computers” (20 
pages), deals with those machines 
whose switching and storage elements 
wwe made up of 


wavs to 


choose a system 


close 


telephone relays 
Though the structure of relays gives 
relay computers certain disadvantages 
a study of them illuminates certain 
general principles of computing ma 
chine design. Besides, relays play im 
portant parts in certain auxiliaries of 
other types of machines. Accordingly, 
a detailed account of the general prin 
ciples of construction and operation of 
relay machines, using the Bell Labora 
tories Computer Models V and VI 
and the Harvard Computer Mark II 
1s illustrations, is given. This is fol 
lowed by discussion of the features of 
synchronous and relay 
circuits (as exemplified respectively in 
the Harvard and Bell machines) and 
yuutline of automatic error detection 
Chapter 5, “Storage’’ (58 
examines rather thoroughly various 
types of storage (the nature of the 
store determining much of the de 
sign of other major parts of a com 
puter). Ultrasonic (mercury tanks, 
solid delay media), electrostatic (the 
Williams tube, MIT’ storage tube 
picture storage tubes), and magnetic 
both dynamic (drums, wire and tape), 
and static (delay lines and cor 
matrices)—means of storage ir 
covered in considerable detail 
Chapter 6, “Electronic Switching 
and Computing Circuits” (47 pages), 
is a systematic account of the design 
of such circuits. A concise outline of 
the basic theory of Boolean algebra as 
it pertains to switching, and a discus 
sion of its essential limitations in prac 
tice are followed by illustration of its 
usefulness in the design of binary com 
puting circuits (adders, subtractors, 
translating circuits, binary accumu 
lators and counters, Kirchhoff switch 
ing circuits, multipliers, dividers). A 
complementary account of decimal 
computing circuits (adders, accumula 
ters, multipliers), and an outline of 
error-detecting and _ error-correcting 
codes (by weighted counts, cylic, or 
reflected codes) complete the chapter 
Chapter 7, “The Design and Opera 
tion of Digital Computers” (32 pages), 
discusses in a general way the various 
factors which must be considered in 
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The KAY LAB MODEL 111 amplifier pro- 
vides the lowest drift of any commercially 
available broadband d-c amplifier. The 
unique circuit incorporates KAY LAB’s 
proven chopper amplifier system to pro- 
vide unsurpassed dynamic performance 
— unaffected by load or gain changes. 
Available in a single-unit cabinet or a six- 
amplifier rack-mountable module only 19 
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data reduction facilities, or as a strain 
gage amplifier, recorder driver amplifier, 
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SPECIFICATIONS 
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How to keep informed on the 


part of 


your business 


AT YOUR FINGER TIPS, issue after issue, 

is one of your richest veins of 

job information — advertising. 

You might call it the “with what” type — 

which dovetails the “how” of the editorial pages. 
Easy to read, talking your language, geared 
specifically to the betterment of 

your business, this is the kind of practical 

data which may well help you do a 

job quicker, better — save your company money. 


Each advertiser is obviously doing 

his level best to give you helpful information. 
By showing, through the advertising pages, 
how his product or service can benefit you 
and your company, he is taking his most 
efficient way toward a sale. 


Add up all the advertisers and you've got 

a gold mine of current, on-the-job information. 
Yours for the reading are a wealth of data 
and facts on the very latest in products, 
services, tools . . . product developments, 
materials, processes, methods. 


You, too, have a big stake in the 
advertising pages. Read them regularly, 
carefully to keep job-informed on the 
“with what” part of your business. 
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the logical design of a computer. ‘The 
chapter also evaluates certain program 
ming techniques, touches on prob 
lems in originating a computing 
center; and tells how computers have 
been used. Treated under “design” 
are similarities and dissimilarities of 
machine and radar and television cit 
cuits, margin of error, complexities of 
logical design, error detecting circuits, 
the handling of faults, and trends in 
physical designs. “Programming” 
takes up choice of an order code and 
the use of conversion routines, while 
“organization” covers the problems of 
staffing, and seeing a problem through 
the center. Under “use” are applica- 
tions for business purposes and for 
automatic process control. 

An interesting appendix, ‘Machin 
ery and Intelligence” (5 pages) dis 
cusses the implications of “thinking” 
by machines and examines (per Tur 
ing’s test) the extent to which human 
behavior can be simulated by ma 
chines. The author concludes, “I see 
a bright future for machines in execu 
tive capacities, but I do not see them 
behaving like human beings.” 

An “Annotated Bibliography” of 
108 books and papers is of particular 
value to American readers, since it 
notes important British literature. It 
is complemented by remarks on 14 
conferences on computers held in the 
U.S., Canada, and Great Britain over 
the last decade. Nine splendid plates, 
more than a hundred line drawings, 
and many tables support the text 

The reviewer—who has read all of 
the published books on analog and 
digital computing machines—finds this 
one of the best-integrated and most 
intelligible books on automatic digital 
computers that has appeared to-date 
Because of its nature, however, he 
does not believe it is suited as a class 
room textbook for an engineering 
course in digital computers, but con 
iders it most vdluable for comple 
mentary reading 

Thomas ]. Higgins 

Professor of Electrical Engineering 

University of Wisconsin 


Future of Automation 


PROCEEDINGS OF THE RE'T'MA Sym- 
POSIUM ON AUTOMATION. 114 pp. 
Published by Engineering Publish- 
ers, New York, 1956. $5.00. 


These proceedings of the sympo 
sium sponsored by the Engincering 
Department of the Radio-F lectronics 
I'elevision Manufacturers Association 
at the University of Pennsylvania on 





ElectroData 
iS EXPANDING... 


Headquarter facilities in Pasadena are again being doubled to keep pace with the 
demand for DATATRON systems. 


ElectroData is the fastest growing manufacturer of electronic data processing 
machines, and has immediate openings for: 


CUSTOMER SERVICE ENGINEERS 
SYSTEM EVALUATION ENGINEERS 


Desirable qualifications are a degree in electrical engineering or graduate of an 
accredited industrial electronics school. Military radar experience or maintenance 
of digital computers or complex electronic equipment may be substituted for 
academic training. 

Customer Service Engineers will be in charge of an ElectroData data processing 
installation. These positions exist nation-wide. 

Systems Evaluation Engineers will supervise an engineering team in the final 
checkout and evaluation of digital computer systems 

ElectroData policy is to pay top salaries to men of proven capabilities, Com- 
pany benefits are liberal and include: 


* Comprehensive Insurance and 
Retirement Program. 


Personal recognition. 

Extensive training program. 
Relocation expense. 

Salary and expense during training. 


In confidence write: 


MR. LEO THOMAS 


Engineering Coordinator 


ElectroData oivision of sunnovsns QD 
460 SIERRA MADRE VILLA, PASADENA, CALIFORNIA 
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the challenge 
of the 
unknown 


Watch the sky! 

Within months, Martin will open a new 
chapter in world history with the launching of 
the first of a series of earth satellites. 

If you are interested’ in the challenge of the 
unknown, remember this: 

No other engineering group in the world will 
learn more, sooner, about this final frontier of 
scientific exploration. 

If you think you'd like to go along, contact J. 
M. Hollyday, Dept. CE-09, The Martin Com- 


pany, Baltimore 3, Maryland. 


LORE aR 
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NEW BOOKS 


Sept. 26-27, 1955, contains 17 papers 
by 23 individual and joint authors and 
a panel discussion on “The Future of 
Automation”. Most of the papers are 
descriptive in nature; many are con 
cerned with manufacturing — proce 
dures Therefore, these proceedings 
will be of greatest value to engineer 
interested in production line automa 
tion—particularly in radio, television, 
communications, and applied elec 
tron However, control engineers 
will find “Factory Automation by 
Digital Control” by J. A. Potter and 
Automation of Noncircular Gear 
Cutting by UNIVAC-120” by A. H 
Stillman and F. W. Cunningham, of 
great interest 


Briefly noted 


ASTM Sranparps On Merariu 
ELecrricat Conpucrors. 300 pp 
Sponsored by ASTM Committee 
B-1| on Wires for Electrical Con 
ductors. American Society for Test 
ing Materials, Pittsburgh 3, Pa. 6 x 
9, $3.50 
his paper-covered book covers all 
standards pertaining to metallic electri 
cal conductors, as well as pertinent 
standards covered by other ASTM 
committees 
This latest edition December 
1955) includes 52 ASTM standards, 
of which 43 are specifications, seven 
test methods, one recommended prac 
tice, and one classification of copper 
I'he subjects covered include: copper 
ind its alloys, copper-covered steel 
aluminum and galvanized steel core, 
and stranded conductors, rods, bar: 
ind other types of wire 
l'ne Human Pitor. 166 pp. Writ 
ten by Northrop Aircraft, Inc., for 
the Bureau of Aeronautics of the 
Navy Dept. Office of Technical 
Services of the U.S Dept of Com 
merce (Order PB 12107 Wash 
ington 25, D. C. $4.25 
his volume, intended to provide 
systems engincers with a knowledge of 
those basic human responses that must 
be considered in designing aircraft 
control systems, codifi a large 
amount of relevant material previously 
available only in scattered sources 
There are two parts: 1) the mecha 
nism by which a pilot senses stimuli 
and actuates controls, and the quanti 
tative dynam ropertic of this 
mechanism; and results of recent 
ittempts to develop mathematical 
models or network analogs for predict 
ing the pilot's responses 


| 
' 
4 








Self-adjusting DC motor 
speeds from AC lines! 


HELLER 
2T60 
ELECTRONIC 
CONTROLLER 


with matching 
1/50 H.P. DC MOTOR 


Complete, F.0.8 
- Baitimere, Md 


SPECIFICATIONS 

* Thyraton tube operated con- 
troller gives stepless operation 
* Input: 110-120 V., 60 cy. sin- 
gle phase * Output: 0-120 V., 
200 ma. DC to armature * 1/50 
H.P. ball bearing, gear head, 
shunt wound, DC motor, Re- 
versible * Torque constant— 
400-2000 R.P.M. « H.P. constant 
—2000-4000 R.P.M. * Armature 
shaft is extended * Motors in 
gear ratios: 6, 18, 30, 100, 300, 
and 1120:1. 


GERALD K. HELLER CO. 


1 N. Carey St., Baltimore 23, Md. 





Mirielurized sur ame assemeues 
BRUSH ASSEMBLIES & COMMUTATORS 


Poly-Scientific’s newly perfec- 
ted manufacturing processes 
permit limitless variation in 
design. Epoxy resins allow for 
greater miniaturization with- 
out loss of strength. Poly- 
Scientific makes use of any of 
the noble metals and alloys, 
making possible the selection 
of the optimum material with 
the proper hardness for each 
specific application. 


. 
Poly - Seivatifio onronsron 


BLACKEBURG, VIRGINIA 


D-79 GAUSSMETER gum 


Means More 


in MAGNETICS. . 


HERE’S WHY: 
® Reads 10 to 30,000 Gauss Flux Fields 
Probe is only .025” thick 
Active area .01 square inches 
Net Weight 10-1/2 Ibs. 


Power Supply 105-125 Volts, 50-60 Cycle 


= 


teen 


Overall size 13” high, 10-1/2” wide, 6-3/4” deep 


Precision built to give accurate flux density measurement and determine 
“flow” direction. The unit also locates and measures ‘‘stray fields,” plots 
variations in strength, and is ideal for checking production lots against 


a standard. 


Simple to operate, the D-79 gives no ballistic reading . . . 


doesn’t jerk or pull. Comes in protective carrying case. 


Write for literature— Dept. CE-956 


100VA Output Voltage regulation less than 
1% Total distortion less than 0.5% at 2 load, 
less than 2% at full load 
than 0.5% 


frequency drift less 


Accurate 4° meter continveusly monitors gen 
erator voltage for ease of operation. Precision paral 
lel-T feedback amplifier assures long-term frequency 
stability and exceptionally low distortion operation 
Integral, sturdy, heavy-gauge aluminum case, Rack 
type mounting at no extra charge STANDARD 
MODELS START AT $395.00 


ts 


4025 merrick road 


| Address 


seaford, 


FROM TRIO 


metered-reliable 
Ji les ie) ile 
POWER 
GENERATORS 


' Trio LABORATORIES, IN« 
+ 4025 Merrick Rd., Seaford, N. ¥Y 
' 


| Please send me FREE data on Model DP } 


‘ 
, for chese frequencies 


'® 
, “ame 


' Company 
‘ 


’ 
’ 
‘ 
‘ 
‘ 
- 


‘ 
s Cuy Lome Seate | 
beocce= seecescee 


LORIE ING. 


new york 
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Ri Mi cBsss2..c1...7 
COUNT DOWN 


on the BIG engineering 
challenge of all time! 


Rock-anchored into the crags of the Santa Susana 
Mountains near Los Angeles crouch the massive test-stands 
of ROCKETDYNE — the most gigantic rocket engine workshop 
in the Western Hemisphere. The privileged men who tend 
these great power plants are a select group indeed. 

For no matter what their specialty, they are working at 

the most advanced state of their art. 


The scientist or engineer who enters the field of large, 
liquid-propellant rockets at ROCKETDYNE can expect 
to encounter more phases of his profession in one day 
than in a year of conventional practice. 


Here at ROCKETDYNE men use units no bigger than a 

small sports car to generate power outputs greater than 
Hoover Dam — power that is precisely delivered during 

a period measured in minutes. Inside the engines, 

materials and mechanisms must function perfectly under 
extreme stress and vibration, yet temperatures range 

from minus 250°F to 5000°F in close juxtaposition. 

Valve action must be so close to instantaneous that 

the expression “split-second” is completely unimpres- va 
sive; we are dealing with conditions in which the one 
term “steady state” is applied to a millisecond. 


\W> mas 


) 


ae ee 
\Vae wee 


MALY ff 


Day by day the tests go on, and every day produces 
its two miles of information on oscillograph tape 
fascinatingly new information, far in advance of 
available texts. This is one of the newer industries 
with an assured future. The methods now being 
developed here for producing effective power 
to the attainable limits of mechanical stress ae 
have wide application. Such experience is ait 
practically unobtainable anywhere else. 


The only way you can appreciate the 
far-reaching significance of such a 
rogram is to be a part of it. 
ill you accept the challenge? 


oil 0 
ety “T 


ity ne ee 


pees a a ee 
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Here are the fields of 

opportunity at ROCKETDYNE : 

FOR ENGINEERING GRADUATES: Acronautical, Chemical, Structural, Elec- 
trical, Electronic, Metallurgical, Mechanical; qualified for Analytical, 
Research, Development or Design responsibility. 

FOR SCIENCE GRADUATES: Physics, Chemistry, Mathematics. 


INTERESTING BOOKLET. Facts about rocket engines and engineering. Send for your 
persona! copy of “The Big Challenge.” Write: A. W. Jamieson,sRocketdyne Engineering 
Personnel Dept. 9-CON, 6633 Canoga Avenue, Canoga Park, Calif 


ROCKETDYNE 


A DIVISION OF NORTH AMERICAN AVIATION, INC 


BUILDERS OF POWER FOR OUTER SPACE 
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WHAT’s AHEAD: MEETING S$ 


AUGUST 


Western Electronics Show and Con- 
vention (WESCON), Institute of 
Radio Engineers, Pan Pacific Audi- 
torium and Ambassador Hotel, Los 
Angeles Aug. 21-24 

The Association for Computing Ma- 
chinery, llth Annual Meeting, 
UCLA; Association address, Box 
3251, Olympic Station, Beverly 
Hills, Calif. Aug. 27-29 

Sixteenth Annual Appalachian Gas 
Measurement Short Course, West 
Virginia University, Morgantown, 
W. Va. Aug. 27-29 

Third Annual Symposium on Digital 
and Analog Computers, Denver Re 
search Institute and National Simu 
lation Council, University of Den 
ver, Denver, Colo. Aug, 30-31 


SEPTEMBER 


Institute of Radio Engineers, Infor 
mation ‘Theory Symposium, Massa- 
chusetts Institute of ‘Technology, 
Cambridge, Mass. Sept. 10-12 

American Society of Mechanical En- 
gineers, Fall Meeting, Denver, Colo 

Sept. 17-20 

Instrument Society of America, | 1th 
Annual Instrument-Automation 
Conference and Exhibit, N. Y 
Coliseum, New York Sept. 17-21 

Industrial Electronics Conference (no 
exhibits), American Institute of 
Electrical Engineers and Institute 
of Radio Engineers, Hotel Manger, 
Cleveland Sept. 24-25 


OCTOBER 


National Electronics Conference, In 
stitute of Radio Engineers, Ameri 
can Institute of Electrical Engi 
neers, Hote] Sherman, Chicago 

Oct. 1-3 

American Institute of Electrical Fn- 
gineers, Fall General Mex ting, Mor 
rison Hotel, Chicago Oct.1-5 

Society of Automotive Engineers, Na 
tional Aeronautical Meeting, Air 
craft Production Forum and Aircraft 
Engineering Display, Hotel Statler, 
Los Angeles Oct. 2-6 

Armour Research Foundation, ‘lhird 
Annual Computer Applications 
Symposium, (see What's New, p 
304), Morrison Hotel, Chicago 

Oct. 9-10 

Conference on Magnesium and Mag- 
netic Materials, American Institute 
of Radio Engineers, Hotel Statler, 
Boston Oct. 16-18 





Continued from preceding page 


National Conference on Industrial 
Hydraulics, Annual Meeting, Hotel 
Sherman, Chicago Oct. 18-19 

Institute of Radio Engineers, ‘Third 
Annual East Coast Conference on 
Acronautical and Navigational Elec 
tronics, Fifth Regiment Armory, 
Baltimore, Md. Oct. 29-30 











NOVEMBER ¢ 
Instrument Society of America, (Phila . and INOUSTRIAL 


delphia Section) Instrument Fai 


and Symposium on Automatic Data a 


Processing Systems, Bellevue-Strat 


ford Hotel, Philadelphia Nov. 7-8 ) / are Ke CONTROLS 


DECEMBER @ Write for latest catalog 


, ; a covering the complete line of 
Institute of Radio Engineers, Second . 4 


Instrumentation Conference, (nu 
clear instrumentation—industrial ap 


plications, missile and wind-tunnel 
instrumentation), Biltmore Hotel, Pump Controls, Electrode Holders, 


Atlanta, Ga Dec. 5-7 :. Starter and Relay Combinations, 
Eastern Joint Computer Conference, Special Controls and Panels. 
Institute of Radio Engineers, Amer 


ican Institute of Electrical Engi B/W CONTROLLER CORPORATION 


neers, Association for Computing 2212 E. Maple Road, Birmingham, Mich. 
Machinery, Theme: “New Develop 


B/W Induction Relays, Induction 
Relay Switches, Relay Enclosures, 
Contactors and Starters, Multiple 


ments in Computers”, Hotel New FIRST IN THE FLOATLESS CONTROL FIELD 


Yorker, New York Dec. 10-12 


® A portable single degree-ol-treedom roll 
table. 
@ Readily used for statically and dynam 
ically testing gyros and low range ac 
celerometers of automatic stabilization 


systems for aircraft and missiles. 
@ Ideal for frequency response and dy 
namic threshold measurements. 


@ Easily used in a closed loop with an 


analog computer for simulated {light test 
ing of automatic flight control equipment. 


DETERMINES — ore 
FREQUENCY RESPONSE 
AND THRESHOLD 


CHARACTERISTICS OF 
GYROS AND LOW RANGE $7300 we 
ACCELEROMETERS “30 DAY DELIVERY 


<ctR ON ® PRICE AND DELIVERY 
> BB SUBJECT TO CHANGE 











Were Gee Products, Tuc. BOX 1005 + CULVER CITY, CALIFORNIA © EXMONT 1-1716 
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® Research 
© Testing 
® Design 
® Patents 


®@ Instrumentation 
© Control Systems 
® Economic Studies 
® Management 


EMPLOYMENT OPPORTUNITIES 


The Advertisements in this seetion include all employment opportunities—execu 
tive, management, technical, selling, office, skilled, manual, etc 
Positions Vacant Civil Service Opportunities 
Positions Wanted Selling Opportunities Wanted 
Part Time Work Selling Opportunities Offered 


DISPLAYED ——RATES—— 
The advertiving rate is $17.80 per inch for all adve 
tising aypearing on other than @ contract basis 
Contract rates quoted on request 
An advertising inch is measured %” vertically on « Discount of 10% if full payment is made in 
column-—8 columns—30 inches to a page for 4 consecutive insertions 
Subject to Agency Commission, Not subject to Agency Commission 


Send NEW ADS to Classified Advertising Div. of CONTROL ENGINEERING, P. O. Box 12, N. ¥. 6, N. Y., 
for October issue closing August 27th 


( WaTiONAt/ 
COVERAGE 


pr 


“\/ \\ 


Employment Agencies 
Employment Services 
Labor Bureaus 


UNDISPLAYED 


$1.80 per line, minimum 3 lines. To figure advance 
payment count 5 average words as a line. 
Box Numbers—counts as | line 











GEORGE P. ADAIR ENGINEERING CO. 


Comeulting Bngineera 


Hleetronie Controls Klectronic Processing 
Telemetering Communiteations Microwave 
Television Design Development Kesearch 
Application 
1610 Bye Street, N. W Washington 6, D. ¢ 
EXecutive 4-1226 








HANSON-GORRILL-BRIAN INC. 


Specialized Control Systems 
MLECTRICAL - ELECTRONIC 
HYDRAULIC MECHANICAL 

85 Hazel Street Glen Cove, N.Y 
Gillen Cove 4.7900 








T. W. KHIRALLA 
GEAR CONSULTANT 


Mpecializing in the design of gear trains for both 
power transmission and positional accuracy, Wide 
eaperionce in ultra-high speed gear train design 


52 North Hancock Btreet Lexington, Massachusetts 
Telephone Volunteer 2-4102 








SVERDRUP & PARCEL, INC. 


Engineers —Architects 


Comprehensive Control Engineering Services 
Hystems analysis and design of automatic controls 
end instrumentation for atomle energy chem 
teal platite petroleum refineries steel 
plants teat facilities and other process 
industries 


O15 Olive Street Mt. Louis 1, Missouri 








CONTROL TRANSMITTER 


(CLASSIFIED ADVERTISING) 
SALES @ BUSINESS 
EQUIPMENT (Used or Resale) 


“OPPORTUNITIES” 


UNDISPLAYED RATE 
(Net available for equip advertising) 
$1.80 per line, minimum 3 lines. To figure 
advance payment count 5 average words to 


a line 
DISPLAYED RATE 


The advertising rate is $17.60 per inch for all 
advertising appeoring on other than contract 
basis. Contract rates quoted on request. 














NOW AVAILABLE 
just Out — 
Chuck -Full of Unsurpassed 
WAR SURPLUS ond Newly 
Manyvlactured Equipment 
Borgoins for Farm. Home 
Factory. Workshop 

a= Write Today 
GROBAN SUPPLY CO. owr.ct 

1139 S Wabash Ave. Chicago §. III 
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Bendix” 


Provides MIDWEST Opportunities for 
Experienced Engineers 


In South Bend, hundreds of professional people 
heave found a community odequotely satisfying 
for a highly educated woy of life. Notre Dome 
is on excellent center for technical, gradvete 
study, os well as affording cultural opportunities. 


Immediote openings available in research, design, 
test and development: 


AIRCRAFT JET FUEL SYSTEMS sama 


Electro-Mechanical Design 
Magnetic Amplifiers 

Nuclear Control Applicetions 
Rocket Circuitry 
Servo-Mechoniswns 

Systems Evaluction 
Thermo-dynamics 

Transistori zation 

Vibration Analysis 


Computer Applications 
Heat Tronsfer 


Stress Anal ysis 
AIRCRAFT LANDING GEAR a Svehene 


Systems and Component Design or 
Testing 


Conventional Brakes 
Hydraulic Systems 
Mechanice! Design ond Test 
Power Broke Research 
Power Steering 


AUTOMOTIVE COMPONENTS rei 


If you are interested in any of these engineering 
projects, send @ summary of educetion ond ex- 
perience to: 


Technico! Employment, 

Department 5-8, 

BENDIX PRODUCTS DIVISION OF 
BENDIX AVIATION CORPORATION 
40! Bendix Drive 

South Bend, Indieno 








EMPLOYMENT OPPORTUNITIES 


/ 
Ar force. Super <Sn0gper rei ALL... TELLS ALL 


Reconnaissance television 
moves GHQ 
directly over any target zone 


Philco and the United States Air Fi 

far-seeing “third eye’ strategic arbor 
the Military Command can watch the T\ 
it were a living, moving may and direct 


and Operations as the ugh they were on tl 


Mr. Electronics Engineer: 

Opportunities are limitless in electronic a mechanical in 
lustrial engineering and research for men »v pply to Philco 
now. Even more, Philco has one of the 1 t liberal protit 


haring, retirement and insurance progra mn all i istry 


Write, Phone Collect or ipply in person to John FP. Morrissey 
. your Inquiry will be held in strictest confidence 


PHILCO is Currently Engaged in Long Range Industrial and Diverse Military Engineering Fields 


© Guided Missiles © Radar TRANSAC Digital Computers © Underwater Ordnance ® Bombing and Fire 

Control Systems @ Servo-Mechanisms @© Microwave Communication Systems @ Infra-Red Devices © 

Transistor Circuit Application @ Multiplex Equipment @ Television Relay Systems @ Industrial TV « 
Color Broadcast Equipment © Forward Scatter Communications @ Fire Control Systems @ REDAP 


a. Om eeeleneroes | (eh ow Bike. 


GOVERNMENT and INDUSTRIAL DIVISION+ PHILADELPHIA 44, PENNA 
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EMPLOYMENT OPPORTUNITIES 


DEVELOPMENT 


(ys many development programs are among the most 
“ advanced in the country. At Honeywell Aero, pros 
pects for even greater progress are very real. 


@ With many design teams working on a great variety of 
projects, we have exceptionally exciting opportunities to offer 
engineers capable of designing components and systems for 


INERTIAL GUIDANCE * DIGITAL COMPUTERS 
FLIGHT CONTROL SYSTEMS * LIQUID MEAS- 
UREMENT SYSTEMS * VERTICAL AND RATE 
GYROS * STABILIZED PLATFORMS *¢ INLET AREA 
CONTROLS * JET ENGINE CONTROLS 


® At Honeywell you'll head up your own task group. Drafts- 
men, technicians, model makers and evaluation engineers es- 
sential to the project will look to you for technical instructions. 


@ An engineering degree or its equivalent plus practical ex- 
perience with related or similar equipment is required. 


CONSIDER 
THESE ADVANTAGES 


@ Minneapolis, the city of lakes and parks, offers you metro- 
politan living in a suburban atmosphere. No commuting. 


@ Your travel and family moving expenses paid. 


@ Salaries, insurance-pension programs, plant and technical 
facilities are all first-rate. 


@ Honeywell, leader in control systems, manufacturers of over 
10,000 different products, offers unusua! diversification and 
variety. A sound growth company, continually expanding, it 
offers permanent opportunity to you. 


WRITE TO US 


If you are interested in a career at Honeywell, call collect or 
send your résumé to Bruce Wood, Technical Director, Dept. 
CE-9-98 Aeronautical Division, 2600 Ridgway Road, Minne- 
apolis 13, 


Honeywell 
Fiat i Control 
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IBM 


offers 


RESEARCH and 
DEVELOPMENT 
ENGINEERS 


careers in... 


Computer Systems Development 
Electronic Circuit Design 


Electronic Component Develop- 
ment 


Technical Writing 

Electronic Packaging 

Mechanical Design 

Airborne Instrumentation 

Computer Flight Testing 

Applied Mathematics 

Inertial Guidance 

Logical Design 

Airborne Analog And Digital 
Computer Design 

Radar Bombing And Naviga- 
tional Equipment 


A degree in Electrical Engineering, Me- 
chanical Engineering or Physics, or equi- 
valent experience is required. 


Write, giving details of educaton and 
experience to A. J. Page, Dept. 402, Air 
borne Computer Laboratory and Manu- 
facturing Facility, Owego, New York. 











REPLIES (Bow No.): Address to office + eat yor 
cla Thia publication Classified Ad b 
VEW YORK: 2. O. Bow 12 (36 
CHICAGO: 520 N. Michigan Ave it 
SAN FRANCISCO: 68 Post St ) 
LOS ANGELES: 1125 W. 6th 8 I 


POSITIONS VACANT 


Taylor instrument Companies—Manutac - 
turers of electronically and pneumatically 
operated instruments used for the measure 


|} ment of temperature, pressure, liquid level 


and flow. Opportunities in design, sales and 
research. Problems involve the development 
of electronic and pneumatic instrumentation 
and instrumentation theory Training pro 


grams available for sales Specialized 


| orientation programs available for design and 


research. Background of chemical, electrical! 
or mechanical engineering suitable for sales 
Research and design divisions require appli 


| cations with mechanical, electrical and er 


gineering physics background Literature 
available upon request. Submit resumes to 
G. L. Oppermann, Asst. Industrial Relations 
Manager, Rochester, New York 


SELLING OPPORTUNITIES WANTED 


Expanding firm of sales engineers covering 


Michigan and northern sections of Ohio and 
Indiana, both industrial and jobber, is seek 
ing additional lines in electronic instrument 
and components. All field men are graduate 
engineers and IRE and ISA members RA 


2551, Control Engineering 


| Sales Engineering organization requires line 


of control instruments, computers, process 





pumps, throttling valves, pressure vessels 
etc. Metropolitan NYC area coverage plus 
Long Island and New Jersey Write Au 
tronic Associates Inc., 509 Sth Ave New 
York 17, N. Y. 

a 





TELEREGISTER 


An Unparalleled 
Growth 
Opportunity 








Founded 28 years ago to 
broadcast Digital Data to 
stock brokers over a nation- 
wide network, the Teleregister 
Corp has continued to pion- 
eer in the Digital Data han- 
dling field. Extension of these 
techniques into other indus- 
tries such as Transportation, 
Banking and Inventory Con- 
trol has created a growth sit- 
vation unparalleled in the 
Data Handling Industry. 


Opportunities to grow with 
us are offered to: 


SYSTEMS ENGINEERS 


With 5 to 10 years experi- 
ence in Systems Logical De- 
sign. 


MECHANICAL ENGINEERS 


With 1 to 5 years experience 
in the design of mechanisms 
such as Printers, Instruments 
or Display Devices. 


ELECTRONIC ENGINEERS 


With 1 to 5 years experience 
in Pulse Techniques and Cir- 
cuit Design. 


RELAY CIRCUIT DESIGNERS 


With from 1 to 5 years experi- 
ence in design of Switching 
Circuits. 


PHYSICISTS 


For research in basic tech- 
niques applicable to Data 
Processing Systems. 


Attractive salaries, all em- 
ployee benefits and educo- 
tion opportunities. 


Please Send Resume To: 


TELEREGISTER 


Corporation 
445 Fairfield Ave 
Stamford, Conn. 


On Long Island Sound, 45 minutes from 
New York City. 
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Picture of a young man 
Planning a 
Successful Future! 


Success doesn't just happen to a 
company or to an individual. Success 
comes as a result of clear thinking and 
long-range planning. 

And that is just what the young 
engineer in the picture is doing. He 
is studying the many possibilities of a 
career in guided missiles. 

The book he is reading is entitled 
"Your Future in Guided Missiles with 
Bendix". It is one of the most complete 
guides to job opportunities in the 
guided missile field. It also contains a 






detailed background of the functions 
of the various engineering groups such 
as systems analysis, guidance, tele- 
metering, steering intelligence, com- 
ponent missile testing, 
environmental testing, test equipment 


evaluation, 


design, reliability, propulsion and 
other important engineering 
operations. 


Here is exactly the type of informa- 
tion that every ambitious engineer 
should have if he is concerned about 
his future. A copy of this thirty-six- 
page book is available to you. Just 
fill in the coupon. It may help you plan 
your successful future. 


ct ccniainmidapdip aise an cn an aDEnenenanetsman 4 
BENDIX PRODUCTS DIVISION | 
MISSILE SECTION | 
408C, Bendix Drive, South Bend, Indiana j 
Please send me a copy of the book 
“Your Future in Guided Missiles.” | 
| 
| Nome i 
2 ! 
Prime Contractor | aires 
for | City — | 
TALCS MISSILE | State { 
—— eee ame ame ame ame me ae ee ee ee ee ee ee ee oe oe oe oe oe ee » | 
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EMPLOYMENT OPPORTUNITIES 


te 


Leonardo Da Vinci's experiments 
in flight and his insight which 
approached prophecy, are re- 
vealed in manuscript notes, 
written by him in reversed mir- 
ror-image writing. (To read in- 
scription place mirror upright 
above top line.) 


\\ c¢® WIONENIE ER” 
Of sued FO RChHODEICE rote 

rJGHE CE fe MOLEC ENG CY veep 
Sen VEC) shi MPIC Covegsrr— 
raven ieee, VeLORDING t? sre 


“SY pire (2 Yd (sees etesseore 








Leonardo Da Vinci would have felt at 
home at Farnsworth where facilities for 
research, development and production 


translate: dreams like his into realities. 

ae la . Take, for instance, guidance and control 
oo ete ~\ systems for such missiles as TERRIER, 
Y ‘, TALOS, SPARROW and others. Farns- 
geet . K worth’s ability and capacity to reproduce 
\ Leonardo's “instrument with all its move- 


> % ments” is an established fact. 
Vs > \\\ That's only one phase of our many ac- 
} | fi), * \ tivities. Others include missile test equip- 


] / y/ \ \ ment systems, microwaves, radar and 


») WS iiere ties 


: 

| \ ee ery ie portage... . 
\ ) ‘| J\” ENOUGH HERE 
ota 7 TO CHALLENGEA 
Ry ()) ) f HUNDRED DA VINCIS ! 


You, too, will feel at home at Farnsworth where your 
résumé will receive prompt, confidential attention. 


eesedevotte. 
Address Technical Employment Director 


FARNSWORTH ELECTRONICS COMPANY, FORT WAYNE, INDIANA 
A Division of International Telephone and Telegraph Corporation 


“ 
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DIGITAL 
ENGINEERS 


for Long-Range Programs 
Airborne Contro! Applications 


Challenging assignn 
with opportur 5 
your ideas throug 
hardware and opera 
flight testing in 


@ Computer Organization 

@ Logical Design 

@ Advanced Circuit Design 
@ Laboratory Development 
@ Packaging and Reliability 


Please forward confidential resume. No 
reference contact withou your permis 
ston 


Manager of Technical Personnel 
Dept. 674 


7 Le 


Division of 
American Bosch Arma Corporation 
Roosevelt Field, Garden City 
Long Istand, N. Y 





MANUFACTURER'S REPRESENTATIVES 
WANTED 


Ultradyne Engineering Labs specializing in 
design, development and manufacture of 
electro-mechanical transducers for meas 
urement and control. 


Manufacturer's representatives are needed 
in the following areas: New England, 
Southeastern States, Pennsylvania, Ohio 
and entire Middle West. For further in- 
formation please contact: 


L. E. SHAW 


Ultradyne Engineering Labs, Inc. 


P. O. Box 8007, Albuquerque, New Mexico 











COMPUTER 


APPLICATIONS 
AND 
DEVELOPMENT 


ENGINEERS 


COMPUTING SERVICES 
Engineering & Scientific Computation 
Analog 
Digital 


COMPUTERS SYSTEMS 
DEVELOPMENT 


DEVELOPMENT 


Analog and Digital 

Systems analysis and synthesis 

Logical organization 

Circuit design 
These are full time positions offering 
fascinating and varied work and edu- 
cational benefits for graduate study. 
Contact: 

A. Metzger 


J 
ARMOUR RESEARCH FOUNDATION 


of Illinois Institute of Technology 
10 West 35th St Chicago 16, Illinois 
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FOR RATES OR 
INFORMATION 


About Classified 
Advertising 


Contact The 
Wik. Graw-. Lill Office 
Toavest You. 


ATLANTA, 3 
1321 Rhodes-Haverty Bidg. 


WAlnut 5778 
R. POWELL 


BOSTON, 16 
350 Park Square 
HUbbard 2-7160 


H. J. SWEGER 
CHICAGO, 11 
520 No. Michigan Ave. 


MOhawk 4-5800 
W. HIGGENS 
J. BRENNAN 


CINCINNATI, 37 
1825 Yorktown Rd. 
REdwood 1 .3238 


C. W. MILLER 
CLEVELAND, 15 
1510 Hanna Bidg. 
SUperior 1-7000 
W. SULLIVAN 
DALLAS, 2 
Adolphus Tower, Main & 
Akard Sts. 


PRospect 5064 
G. JONES 


DETROIT, 26 
856 Penobscot Bidg. 
WOodward 2-1793 
W. STONE 
LOS ANGELES, 17 
1125 W. 6th Si. 


MAdison 6-9351 
C. FRUHLING 


NEW YORK, 36 
330 West 42 St. 
LOngacre 4-3000 


R. LAWLESS 
5S. HENRY 
D. COSTER 
R. HATHAWAY 


PHILADELPHIA, 3 
17th & Sansom St. 


Rittenhouse 6-0670 
E. MINGLE 
H. BOZARTH 


ST. LOUIS, 8 
3615 Olive St. 


JEfferson 5-4867 
W. HIGGENS 


SAN FRANCISCO, 4 
68 Post St. 
DOuglas 2-4600 


R. ALCORN 















CAPE CANAVERAL 


—— AIR FORCE MISSILE TEST CENTER 
bce Florida Flight Test Range 
wes 
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Engineers and Scientists: 


INSTRUMENTATION SYSTEMS ENGINEERING 
for MILITARY APPLICATIONS 


» SALARIES UP TO $14,000. 


IN THESE NEW PROGRAMS AT THE MISSILE TEST PROJECT, FLORIDA 


Have you as an engineer or scientist considered the 
problems and projects associated with the instrumentation 
and control of a long range missile, guided over a course 
that extends thousands of miles? 


To achieve precision performance, missile launching 
and guidance require a vast network of instrumentation 
and control. New development programs have created 
challenging opportunities for Electronics Engineers 

and Scientists who are interested in data acquisition, 
transmission, recording and processing systems. 


A world leader in electronics provides instrumentation 
for the Air Force Missile Test Center, which extends 
from Patrick Air Force Base, on the Central East Coast 
of Florida, to the Mid South Atlantic. 
You will enjoy top salaries, liberal company-paid benefits, 
and ideal Florida living for you and your family 
Relocation assistance, too. 
—_— , TODAY .. . gel complete information on 


arrangements for personal interview, 


Send a complete reaume of your 


education and experience to 


PERSONNEL MANAGER 

MISSILE TEST PROJECT—Dept. N-26J 
P. O. Box 1226 

Melbourne, Florida 


MISSILE TEST PROJECT 
Meibourne, Fiorida 
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EMPLOYMENT OPPORTUNITIES 


engineers « physicists 


Leeds and Northrup Company wants to talk with you 
about engineering openings in: 


* APPLICATION ENGINEERING 
* SALES MARKETING 

* PRODUCTION 

© RESEARCH & DEVELOPMENT 


For over 50 years Leeds & Northrup has been the world’s foremost manufacturer of Automatic Process Control and Scientific 
Electrical Measuring Instrumentation. 





If you are seeking stability of employment, favorable salary schedules, unusual advancement opportunities plus other employe 
benefits commensurate with these high standards, write us today. 


Build on your past experience in any of these fields: 


" ELECTRICAL MEASUREMENTS & CONTROL * SERVO MECHANISM 
OF INDUSTRIAL PROCESSING. * DIGITAL & ANALOG COMPUTERS 
“ POWER GENERATION & TRANSMISSION * COMBUSTION CONTROL 
* NUCLEAR REACTORS 





For your convenience arrangements for interview can be made as follows: 


city DATE PLACE 


New York Sept. 17th to 21st Instrument Show —Booth 624 
Chicage Sept. 23rd to 28th Atomic Show —Beoth 203 
a ond Sept. 24th to 26th Iron & Steel Show -—Booth 75 


a 
Cleveland Oct. Bth to 12th Metal Congress —Booth 1129 











You may also write to: 
Mr. WAYNE L. BESSELMAN, Coordinator of Technical Employment 


LEEDS & NORTHRUP COMPANY 


4901 STENTON AVE., PHILA., 44, PA. 














OPPORTUNITY 
ELECTRONIC ENGINEERS—SCIENTISTS 
INSTRUMENTATION ENGINEERS $5,000 - $30,000 


The tremendous growth potential of the expanding NUCLEAR REACTOR industry warrants NO FEE 
the attention of all progressive ELECTRONICS ENGINEERS and PHYSICISTS. A new divi 
sion of one of America’s largest corporations is entering this most fascinating and prom- WORLDWIDE PLACEMENT 

tol ; ; As & result of years of lence he placeme 
ising field and is acquiring a select staff of engineers who will participate in this growth. od cat ao & Geet tee a = 
The design of reactor control systems for submarines, aircraft, power generation, and Manager in Industry, we are able to evaluate your 
many other epplications requires engineers with a considerable degree of ingenuity and 1 paged « a CAT — 
imagination. Tr plifier, servo, or nuclear instrument experience is tists. 
highly desirable but not essential. 6S — MS — PHD 

. - Re The time and cost for you to obtain this informa 
The location is in the beautiful SAN FRANCISCO BAY area where climate, living condi- tion would be prohibitive we offer it without ob 
gation ur Stings are in the thousands 

tions, beauty, and variety of activities are unexcelled. Send us resume including vital statistics, ace 
Send your resume today to: apy, Fy ry 4-3, ian 


ATOMIC ENERGY DIVISION prefer and the salary you want 
AMERICAN-STANDARD “a ANN PALMER HAYNES 
1682 BROADWAY indusertat | Personnel Conssttant 


REDWOOD CITY, CALIFORNIA 1346 Connecticut Ave. NW Washington 6, D.C. 
DEAN W. TOWNSEND, Personnel Mgr. 




















SYSTEMS DEVELOPMENT Inc. 
any smal mookasicms declgn upertonse ni! sue prod New Advertisements 


uate electrical engineer with electronic experience 


Salary open, Stock Purchase pian, insurance bene- 


ce] di ity f U famil fits. Sen 
Se Daieeal ated Meptee ten | | csases smcnan, pretiew oe ty eget Wh wil 


job other per of, ial a 207 Water St. Binghamton, N. Y appear in the October issue 


EE, 4 to 6 years’ experience with design re- limi 
apenetaney A a. Age 26-38 subject to tations of space 
i ¢ i 
Sh 6. reggedioad tween, Enavledes of CHIEF ELECTRONIC available. 
engineering control procedures. Well-estob DEVELOPMENT ENGINEER—$15,000 
lis instrument company located in rural Excetiont Opportunity for the engineer who is inter- Classified Advertising Division 
eres a ae & = ae en ested in the future ond voce petential This Doulton 
' or in countr r 
~~ tetpenatlonal lnetogmnente, Inc rramufacturing industria, Comporeture. preseare ry CONTROL ENGINEERING 
Pr. oO. . New Haven, Conn. or call ow instruments. 
Fulton 7.2515. 28 E. Jackson Bivd. Chicago 4, tll P.O. Box 12 New York 36, N. Y 
Monarch Personne! 
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EMPLOYMENT OPPORTUNITIES 


INSTRUMENTATION 
ENGINEER 


Position On Advanced 
Level For Man With 
Sound Engineering 

Judgment 


Opportunity to design and engineer com- 
plete systems, starting from process flow 
sheet, selecting instruments, maintaining 
contro! record, following entire instru- 
mentation drafting job, checking instalia- 
tien, and at times, assisting in plant 
Startup and operation. o criteria in- 
cludes cost, 
and insurance specifications, " Occasionally 
make inst cost estimates in 
conjunction with bids for new jobs. 








Requirements: 10 Years’ experience in 
and installation, covering pneumatic and 
electronic instruments in chemical and/or 
refinery industries. includes layout of 
graphic panels. 





EXCELLENT SALARY 
OUTSTANDING BENEFIT PROGRAM 
MIDTOWN NEW YORK LOCATION 


Please send complete resume ta: 


Mr, Robert L. Ford, Personnel Mgr. 


Chemical Construction Corp 


525 West 43rd Street New York, N. Y. 


EMPLOYMENT OPPORTUNITIES 


Antenna Systems Engineering 
portunities 


Challenging 


RADAR 


MISSILE GUIDANCE 
COMMUNICATION 


R-F MECHANICAL 
SERVOS CONTROLS 


Well established, medium sized division specializing in antenna systems 
—backed by a large company—here you will find professional recogni- 
tion and broader responsibilities. Project assignments without excessive 
specialization. 

The Philadelphia area is famed for its pleasant suburban living, its 
excellent housing and all the facilities of a large city. 

Please send a resume to Mr. R. S. Roberts— Personnel Dept., I-T-E 
Circuit Breaker Company, 19th & Hamilton Sts., Phila., Pa. 


excellent opportunities for interest- 
ing and rewarding poctrene, Well 
qualified mechanical and R-F engi- 


Project Leader 


We have an opening for a graduate 
mechanical engineer with several 


circuit 


engineers 


Please forward 
confidential resume. 
No reference 
contact without 
your permission. 


Manager of Tech- 
nical Personnel, 
Dept. 674 


ARMA 


Division 
American Bosch 
Arma Corp. 


Roosevelt Field, 
Garden City, 
Lu N.Y:. 


Challenging 
openings in the 
field of transistor 
circuit design 
and development 

. for applica- 
tion in fire con- 
trol, navigation 
and guidance 
systems... 
utilizing analog 
and digital com- 
puting tech- 
niques. 








years’ experience indrive assemblies, 
structures and electro-mechanical 
apparatus, as well as strong interest 
in supervision and administration 
to head +o group of mechanical 
engineers. Some background in elec- 
trical engineering (especially R-F) 
highly desirable. Yen will be respon- 
sible for entire antenna systems and 
have extensive customer and sup- 
plier contact. 


Microwave and 
Antenna Engineers 


If you have a B.S. or MS. in elec- 
trical engineering and experience in 
R-F development (2 years minimum) 
here is your finest opportunit 

further your career in antennas. You 
will work on radar antennas, scan- 
ners, scatter communication anten- 
nas, countermeasures antennas, 
waveguides and related components. 
You will add to a newly formed R-F 
development group. You will have 
superb mechanical engineering sup- 
port for your tricky R-F devices. 


Servo and Control Engineers 


If your chosen field is in servo and 
control engineering and you have a 
minimum of two years’ experience, 
we're sure antenna systems will open 


neers are eager to welcome your help. 


Mechanical Project Engineers 


New challenging problems in the 
mechanical design of radar and 
guided missile pedestals, antennas 
and associated drive and control 
systems require men of experience 
(minimum—2 years) and ability. If 
you are a mechanical engineer with 
a desire to work on precision gear 
trains and/or mechanical systems 
intimately related to R-F and servo 
systems, this is your meat 


Sales Representative 


Under supervision of the sales mana- 
ger—calls on assigned accounts, pre- 
ares proposals, makes quotations, 
aie accounts and solicita new 
business from government agencies 
and major electronic manufacturers. 


Education: B.S. in E.E. or M.E., or 
equivalent in education and ex- 
perience 


Experience: 3 years with one year in 
sales. General experience in elec- 
tro-mechanical or electronic in- 
dustry desirable. Should be 
conversant with major electronic 
manufacturing concerns and with 
military'ty pe electronic or electro- 
mechanical equipment. Must be 
well suited for industrial) selling. 


SALES REPRESENTATIVES WANTED 


To sell special avtenaiton contrat panels, ~+44 
mentation, test panels s. Wei 

both 0.E.M., industrial and users. ell Ae FP 
established firm 
Many key East Coast and other tertterlen open 
to quali men 


GEMCO ELECTRIC COMPANY 
25681 W. Eight Mile Rd., Detroit 19, Michigan. 


I-T-E CIRCUIT BREAKER COMPANY 
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EMPLOYMENT OPPORTUNITIES 








ENGINEERS... 


SERVO DESIGN & HYDRAULIC 


with experience in: 


® Precision Data Systems 


® Hydraulic Servo Control Systems 


® Hydraulic Components for Aircraft aie ae asec: 


The control of Radar and Weapons Systems is becoming ever more 
exacting. Raytheon’s new Wayland Laboratory is a leader in 
the application of Servo Controls and can offer you an unusual 


opportunity for professional growth and advancement 


A brief resume form and a 
copy of the brochure pictured 
above may be obtained by send- 


ing your name and address to 


RADAR PROFESSIONAL PERSONNEL 


RAYTHEON MFG. CO. 
WAYLAND LABORATORY Wayland, Mass. 











} WT 
ATT 


A most important element of engine design is 
harnessing the power to bring the aircraft home 
safely. This puts a Controls Engineer in a key 

. spot. 
Engineers Now unique opportunities exist for talented men 
to develop controls for new product line of ad- 


vanced smal! turboshaft, turboprop and turbojet 
CONTROLS engines. 


Ins ENGINE CONTROLS DEVELOPMENT 


SYSTEMS DESIGN: responsibility design and develop 
advanced systems —- performance requirements 
achematic diagrams——component and test specifica- 


tions 
COMPONENT DESIGN: design, develop and package 


specific control components (sensors, actuators, fuel 


are 
flow components, ete.) 
EVALUATION: determine contro! test facilities. Direct 
component and systems testing Correlate test data. 
Evaluate test resulta. Make recommendations to design 
groups 
at the ANALYSIS: determine engine control parameters. Pre- 
" pare systems. Block diagrama., Analyze controls 
Small Aircraft stability. Provide performance specifications (sys- 
tema and components). 


Engine RELOCATION EXPENSES PAID 
Dept. of GE. Please wrtte in atrict confidence to 


Mr. T. S. Woerz (Section 1-B-1) 
SMALL AIRCRAFT ENGINE DEPARTMENT 


GENERAL @® ELECTRIC 


1000 Western Avenue, West Lynn, Mass. 


HIT 
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SYSTEMS ENGINEERS 


FOR ADVANCED WEAPONS SYSTEMS 


Join a team of engineers and 
scientists already working on 
stimulating assignments in the 
challenging field of Guidance 
and Control. 


Carry your ideas through to 
final hardware and operational 
flight testing. 


Perform creative system studies 
and instrumentation. 


Apply the latest technological 
knowledge in such areas as: 


INERTIAL GUIDANCE © DYNAMIC ANALYSIS 
BALLISTICS RESEARCH © TELEMETRY 


Please forward confidential resume 
No reference contact without your permission 


Manager of Technical Personnel, Dept. 674 


LEP RG LS 


Division American Bosch Arma Corp 


Roosevelt Field Garden City, L, 1. N. ¥. 


4 
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PERSONNEL MANAGERS 


LOOKING FOR 
ENGINEERS . . . TECHNICIANS? 





Write 
for free 
copy of 


“RESERVOIR OF ENGINEERS 
AND TECHNICAL MEN” 


he engineers and technicians you want 

to reach are gathered in convenient, com- 

| pact groups—as this 16-page booklet points 
out. 


It keys the job titles these men hold to the 
McGraw-Hill publications they read for on- 
the-job information. It explains how you can 
make contact ... channel, concentrate your 
employment advertising to just the men with 

| the job qualifications you want. 


Write for your free copy to 


Classified Advertising Division 
CONTROL ENGINEERING 
P. O. BOX 12, N. Y. 36, N. Y. 
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A MESSAGE TO AMERICAN INDUSTRY 


© FOURTH OF A SPECIAL SERIES 


THE SHORTAGE OF SCIENTISTS AND ENGINEERS: 


What Caused It? 


Why is the United States confronted with a 
serious shortage of scientists and engineers? 

One reason, discussed in earlier editorials in 
this series, is that the increasingly complex tech- 
nology needed for national security and for an 
expanding economy has raised enormously the 
demand for technically trained people. 

But it is clear also that too little has been 
done to increase the supply of scientists 
and engineers and to make most effective 
use of the limited number now available. 
It is with this second reason for the shortage 
that this editorial deals. 

‘Too few bright young people have been at- 
tracted to careers in the sciences and engineer- 
ing. Many with technical training have been 
leaving these professions, with the exodus from 
teaching being especially alarming. And _ the 
technical talent now employed in industry, gov- 
ernment and education is, in too many instances, 
being utilized less effectively than it might be. 


Paying for a Miscalculation 


ae legacy of the depression provides part of 
the explanation for the current shortage of 
young people entering scientific and engineer- 
ing careers. Because of low birthrates in the 
1930s, there are now about one million fewer 
boys and girls of college age than there were in 
the early 1940s. Not until 1960 will there be as 
many in the 18-2] age group as in 1945. And 
from the brightest young people of these ages 
must come, not only scientists and engineers, 
but the new members of all the professions 
needed by our growing economy. 
A miscalculation in the late 1940s, when our 
future needs in various occupations were being 
gauged, provides another part of the explana- 


tion. Occupational counselors and high school 
students were advised that, because of heavy 
postwar enrollments in engineering and other 
technical fields, “it is likely that the shortages 
of trained men will be alleviated in a few years.””* 

Instead of being alleviated, however, the 
shortages became more acute. Job opportunities 
grew rapidly, while graduating classes dwin- 
dled. Fewer than half as many students received 
degrees in engineering in 1955 as in 1950, the 
peak postwar year. The trend has been reversed, 
but graduating classes will not be large enough 
to narrow the gap for several years. 


Lost Talent 


Beyond these temporary conditions, there is 
another explanation for the failure of the num- 
ber of scientists and engineers to keep pace with 
our rising needs. This is the staggering loss be- 
tween high school and college of young people 
with the talent to be successful in science and 
engineering. Last year between 60,000 and 
100,000 high school graduates of college 
ability failed to enroll in college for finan- 
cial reasons and perhaps an additional 
100,000 did not enter college because of 
lack of interest.T 

Of the most intelligent 20 percent in the group 
of college age, fewer than half enter college and 
only about a third graduate from college. Edu- 
cational authorities estimate that fewer than 
2 percent of those in the college age group who 
are mentally equipped to obtain Ph. D. degrees 
will actually obtain such degrees. 

Another crucial stage is in the high 

*U. S. Bureau of Labor Statistics, Occupational Outlook 

Handbook (Bulletin 940), p. 63 


‘Charles C Cole, Jr. (assistant dean, Columbia Colle ge, 
Columbia University), Higher Education, November 1955 
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schools, where future scientists and engi- 
neers receive their first training in science 
and mathematics. There are serious weak- 
nesses and signs of deterioration in this 
vital part of our educational system. 

One-quarter of all American high schools 
offer no chemistry or physics. One-quarter offer 
no geometry. In many of the schools offering 
science and mathematics courses, the quality of 
instruction is low. Last year in the New York 
City school system alone more than 10,000 stu- 
dents were in science classes taught by teachers 
who were not trained in science. 

This is a situation that threatens to be- 
come much worse. Between 1950 and 1955 
the number of graduating teachers qualified to 
teach high school mathematics dropped 53 per- 
cent and those qualified to teach science dropped 
59 percent. Furthermore, only about 60 percent 
of the graduates certified to teach mathematics 
or science in 1955 entered teaching as a career. 

On the students’ side — partly because of in- 
adequate guidance programs — there has been 
a drift away from science and mathematics 
courses. The result of low student interest, and 
poor high school programs, in science and math- 
ematics is virtually to foreclose careers in sci- 
ence and engineering to many bright young 
people. They miss the necessary basic training. 
Many who do attempt to obtain college train- 
ing in these fields are ill-equipped. Engineering 
school deans report that fully half of their stu- 
dents enter with deficiencies in mathematics. 


Misuse of Trained People 


Scientific and engineering careers have 
long had a reputation for low salaries and 
limited opportunities for advancement. In 
recent years starting salaries have sky-rocketed 
and have been accorded wide publicity. But un- 
fortunately there has been much less improve- 
ment in the salaries paid experienced engineers 
and scientists, especially in government and ed- 
ucation. This has lowered the morale of experi- 
enced men and provided an incentive to desert 
engineering and research positions for higher 
paying jobs in sales or management. 

Engineers and research scientists complain 
also that too much of their time now is spent on 
tasks that draftsmen and technicians could per- 
form. Unfortunately for easy solution of this 
problem, however, there is an acute shortage of 
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technicians as well. Worse still, there are indi- 
cations that some companies in industries using 
large numbers of engineers have gobbled up 
technical manpower at a faster rate than they 
can effectively employ these scarce people. 

Another drain on the supply of newly-trained 
scientists and engineers is military service. 
About 8,000 of this year’s 27,000 engineering 
graduates were in ROTC programs and commit- 
ted to active duty after graduation. Dr. A. W. 
Davison, chairman of the Engineering Man- 
power Commission of the Engineers Joint Coun- 
cil, says that in most cases no attempt is made 
by the Armed Services to assign these young 
officers to duties for which their engineering 
education specifically prepared them. They are 
not only withheld from industry and education 
for two years but also are not utilized in defense 
programs requiring more engineers and re- 
search scientists. 

Some of the causes for the present short- 
age of scientists and engineers — bad ad- 
vice a few years ago and a college age 
group held down by depression birthrates 
in the 1930s —are gradually being over- 
come. But others, such as the deteriora- 
tion of science and mathematics training 
in our public schools and the many in- 
stances of ineffective utilization of scarce 
technical talent, enjoy no such prospect of 
automatic correction. The final editorial in 
this series will deal with some practical sug- 
gestions for meeting these problems. 





This is one of a series of editorials prepared 
by the McGraw-Hill Department of Economics 
to help increase public knowledge and under- 
standing of important nationwide develop. 
ments of particular concern to the business 
and professional community served by our 
industrial and technical publications. 

Permission is freely extended to newspapers, 
groups or individuals to quote or reprint all 
or parts of the text, 


Reuata Umelva— 


PRESIDENT 


McGRAW-HILL PUBLISHING COMPANY, INC. 
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TIC manufactures standard 50 db and 20 db logarithmic potentiometer: 
of high resolution and high conformity The unique d ( 
resistance-element card makes possible the high accuracy of al 

non-linear potentiometers. This card design ( contoured symmetri y 
on both edges) also permits greater flexibility in the design of non-lin 
ear function flexibility required for special designs like the pot used 


in the Kodak Color Printer 


Complete specifications on TIC non-linear potentiometers available upon 
request 


523 MAIN ST., ACTON, MASS. COlenial 3-7711 


West Coast Mail Address P.O. Box 3941 North Hollywood, Calif. POplar 5-6620 








F&P AUTOMATION IN ACTION 


The new alkylation unit at the McMurrey re- 
finery in Tyler, Texas is controlled by a graphic 
instrument system manufactured by Fischer & 
Porter Co. One man can control the entire opera- 
tion of this 2200 BPD unit. In similar installa- 
tions, F&P automatic digital data logging systems 
are successfully measuring and tabulating all 
operating variables. 


Your process can be just as efficiently controlled. 








FISCHER & PORTER CO. siivor, 


oe ee ee oe ee = Ss — 


F&P’s experience in ergineering and manufac- 
turing high-quality control systems for every kind 
of industry assures you of dependable, trouble- 
free, high-accuracy performance. 


Whether you’re planning a new facility or mod- 
ernizing an old one, now is the time to put auto- 
mation to work for you. .. F&P automation. For 
more information write to Fischer & Porter 
Company, 796 County Line Road, Hatboro, Pa. 
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